
S-ALCULATION OF PROTECTION FACTORS
, , SODIUM CHLORIDE RESPIRATOR

~ ~ F Si INSTRUMENT'

~Lr~wjS~. K(.udesar, Jr., Captain., USAF

December 1980

Finol Report for Period I Jonuary 1980- 15 August 1980

Approved for public release, distribot1of u-llmhad.

U.4A, SICHOOL OF AEROSPACE MEDICINE

A~wo•,o,, ,•, modk, WoVi t, 7Aable COPY 1
Air force SoLto xs 7 2 8S ~vI 1<



3ost Available Copy

_ ,ntU4 by personntl of the Crew Lnvironmentts
. ~ L~iv-tiofl USAF Sthoul of Aerospace Medicine, Aerospace

I••, e, ooks Air Force Base, Texas, under job order

, . -, (idrowingis. specifications, or other data are used for
i-- .. f th;r a definitely related Government procurement operation,

StherebL'y incurs no responsibility nor any obligation whatsoever;
f act tihat the Government may have formulated, furnished, or in auy way

i the s-aid drawiigs, specifications, or other data is not to be regarded
S;..It c ,i; ror other-wise, as in any manner licenslng the holder or any other

. cor•;wr.iOn, or conveying any rights or permission to manufacture,
.i .Irtv atented invention that may in any way be related thereto.

Hitn. repomt has been reviewed by the Office of Public Affairs (PA) and is
1•4;,~itble o the National Technical Information Service (NTIS). At NTIS, it

Le available to the general public, Including foreign.nations'.

'; technical report has been reviewed and is approved for publication.

1LoWARD S. KOLESAR, JR., Captain, USAF R L.N ILLE.RPhD.
Project Scientist Superyisor

UPIY 1. DEHART
C'oonel, USAF, MC
,:ommnander

\



Best
Available

Copy



WIrJLA`S' II l1ii
IzC (UtiJITY y L A'S¶1 V It. AfION O" T1ItS P A(.L (tIN. Va a. F w'r-,rflt i)

READ INSTRUcrIONSREPORT DOCUMENTATION PAGE iH)RF cuMI..'LIrIN(; PORM

I Fit PON T NUMIII H OVT ACCESSION NO. 3 R.fCIPIENTS CATALVT NUMBIER

4 T L r (a- ith,,) TYPE OF REPORT 6 PERIOD COVEkFD

AUOAE CALCUJLATION OF T£ROTCIN Final ep~t
f-ACTORS FOR THE SODIUM .CHLORIDE .BESPIRATOR 5 -
QUANTITATIVE FIT TEST INSTRUMENT-.-

4 - r

7 AUTHOR(si 8. CONTRACT OR GRANT NUMBER(s)

Edward S. Kolesar, Jr

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT. TASK
AREA A WORK oIX ArscMNdiMBcVRS,

USAF School of Aerospace Medicine (VNL)0 ' I
Aerospace Medical Division (AFSC) 2;02F U R A -w I'Brooks Air Force Base. Texas 78235 [ /'797-•L.I-48 R '
11. CONTROLLING OFFICE NAME AND ADDRESS•/ FIE•- O~RT PAtF.
USAF School of Aerospace Medicine (VNL) Dee•-*9011 -...

Aerospace Medical Division (AFSC) I. NU B ROF PAGESv--l? , • ••.• I •I F
Brooks Air Force Base- Texas, 7823S :,,7a
14 MONITORING AGENCY NAME a ADDRESS(II different from Controlling Office) 1S. SECURITY CLASS . -hi e rih..

Uncl assifipd
15,. DECLASSIFICATION. OOWNGP.!)INC,

SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17, DISTRIBUTION STATEMENT (of the abstract entered in Bloc-k 20, It different from Report)

I&. SUPPLEMENTARY NOTES

19. KEY WORDS (CVontinue on reverse side it necessary and Identify by block number)

Respirator quantitative fit testing; RQFT; Protection factor; PF; Integrator;
Voltage-to-frequency conversion; Least squares curve fitting; Respirator test
and evaluation

20 ABST AC 1 (Connlnue on reverie side II necessary and Identify by block numberI

An automated procedure for calculating a respirator protection factor is pre-
sented in this report. This procedure not only reduces the sodium chloride
leak test data, but also calculates a protection factor using a voltage-to-
frequency converter circuit to do time-averaged integration and a least-
squares curve fit computer program.

DD ,JoAN, 1473 ASSIIED
SECURITY CL A5SIrICATION Of ?lots It AGE f;7 . - tetooI F-110to A



PREFACE

The author is grateful to the people at the USAF School of Aerospace
Medicine, Brooks AFB, Tex., who contributed suggestions and criticisms during
the development of this report. Special thanks are due to Richard L. Miller,
Ph.D., Lt Col Robert W. Krutz, and Mr. Clarence F. Theis of the Crew
Environments Branch.,

The author also expresses particular appreciation to: Mr. Daniel Sears,
Engineering and Maintenance Services Branch, for fabricating the electronic
integrator; and SSgt Arthur G. Cryer, Biomathematic Modeling Branch, for
providing assistance with the CALCOMP plotter program.

Accession For

NTIS GRA&I

DTIC TAB
tlnannounoed El
Just if i(:ation

Distribution2 /

Avatil.tbiiity Codes
ý/"!Li! rind/or

,IW st .... • l

,I' iit



CONTENTS

Page

INTRODUCTION......... ....................... 7

USAFSAM SODIUM CHLORIDE RESPIRATOR QUANTITATIVE FIT TEST INSTRUMENT . . . 8

Instrument Description ...... ....................... 8
Production of the Sodium Chloride Challenge Atmosphere . . . . . .. 8
Measurement of the Sodium Chloride Respirator Leakage. . . . . . .. 10
Calibration Procedure ........ ........................ 17

CONVENTIONAL PROTECTION FACTOR CALCULATIONS ...... ............... 19

Protection Factor ......... ..... ... ..... ........ .. 19
Conventional Method of Calculating a Protection Factor . ....... 20

USING A VOLTAGE-TO-FREQUENCY CONVERTER CIRCUIT TO DO TIME-AVERAGED

INT.GRATION .................... ................ . 24

Operational Amplifier Integrators ......... . .......... 25
Voltage-to-Frequency Converter Integrators . . . . . . . . . . . . . 25
USAFSAM Sodium Chloride RQFT Voltage-to-Frequency Integrator

Circuit Design........ . . . . . . . . . . . . . . . . . . . 28
Description of the Analog Devices AD450J V/F Converter

Integrated Circuit ....- - .. . .. . . . 35
Operation of the USAFSAM Sodium Chloride RQFT V/F "Integrator " . . . 35
Data Collection with the USAFSAM Sodium Chloride RQFT Instrument

V/F Integrator . . . . . . . . . . . . . . . . . . . . . . . . . . 39

LEAST SQUARES CURVE FITTING COMPUTER PROGRAM TO CALCULATE
PROTECTION FACTORS ............ . .............. 42

The Method of Least Squares Curve Fitting. . . . . . . . . . . . . . 42
Application of the Method of Least Squares Curve Fitting

to Calculate RQFT PF's . . . . # 4 . I . 0 * 6 . 0 . . . . . . 41
Oiscussion of the Computer Programs Used to Process the

UuSAFSAM Sodium Chloride RQFT Integrator Data . . . . . . . . . . . 51

. . . . . . . . . . . . . . . . . . . . 53

APPENDIX A: NACLRQFT.FTN Fortran Listing ................ 61

APP66uAiX b: OAtA.XXX File Contents for Data in Table I . . . . . . . . . 91

APPEN{)IM, %. .ALCX.XXX File Contents for Information in Table 8 ..... 95

APPENDIX D: GRP4X.XXX File Contents for Use with NACLGRAPII.FTN
Program ......... 99

APPENDIX E: NACLGRAPH.rTN rortran Listing. . . . . . . . . . . . . .. . 115

LRA •osK a UUAW

::i•,.4 ,4-.. -



'F i Contents (Cont'd.)

APPENDIX F: CALCOMP Generated Plot (Semilogarithmic) of the

GRPHX.XXX Data .......... ....................... 131

APPENDIX G: User's Guide for the NACLRQFT.FTN Computer Program . .... 135

APPENDIX H: User's Guide for the NACLGRAPH.FTN Computer Program . ... 145

ABBREVIATIONS, ACRONYMS, AND SYMBOLS. . ........ .............. . . . 156

FIGURES

Figure
No.

1. USAFSAM sodiun chloride respirator quantitative fit test
instrument . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

2. The electro-optic processing scheme used to quantify a
respirator's sodium chloride leakage . . . . . . . . . . . . . .. 11

3. The electronic processing scheme used in the USAFSAM sodium chloride
respirator quantitative fit test. . . . . . . . . . . . . . . . .. 12

4. Current-to-voltage converter, low-pass filter, and logarithmic
amplifier circuits. . . . . . . . . . . . . . . . . . . . . . . . . 14

S. Strip-chart recorder interface circuit. . . . . . . . . . . . . . . . 15

6. Transfer function plot relating PMT output current to strip-chart
recorder voltage . . . . . . ... . ........ . 16

1. Sodium chloride calibration/challenge concentration vs. PP.'
output voltage (semilogarithmic plot) . . . . . . . . . . . . . . . 8

S. Strip-chart recording of sodium chloride respirator quantitative
fit test . . . . . . . . . . . . . . ... . . . 22

9. Sodium chloride logarithmically scaled calibration data set

used to interpolate mask leakage concentration. . . . . . . . . . . 23

10. Typical operational amplifier integrator circuit. . . . . . . . . . . 26

1i. Operating principle of a V/F integrator . . . . . . . . . . . . ... 27

12. Sodium chloride RQFT instrument integrator:

Part I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
Part 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
Part 3 . .. .. .. . . .. .. .. .. . . . . .. .. .. . . . 32

4



Contents (Cont'd.)

Figures (Cont'd Page

13. Sodium chloride RQFT instrument integrator digital display ..... 33

14. Sodii4n chloride RQFT instrument integrator voltmeter ........... .. 34

15. The Analog Devices AD450J V/F converter .... ............... .. 38

16. Sodium chloride RQFT data collection form No. 1 .............. ..40

11. Sodiun chloride RQFT data collection form No. 2 .............. ..41

18. Concept of residuals for the method of least squares curve
fitting ....... ..... ... ......... .............................. 44

19. Computer-generated least squares curve fit plot (semilogarithmic)
of the data presented in Table 7 ..... .................. .. 49

APPENDIX F:

F-I. Sodium chloride RQFT calibration curve mask leakage
(concentration) vs. scaled integrator count . . . . . . . . . . .133

TABLES

fable

1. Sodimn chloride challenge/calibration solutions . . . . . . . . . . . 17

2. Sodium chloride challenge/calibration solution concentration

vs. P•4T output voltage . . . . . . . . . . . . .. ...... . 19

3. Quantitative fit test penetration record. . . . . . . . . . . . . . . 21

4. Quantitative fit test PF record . . . . . . . . . . . . . . . . . . . 24

5. Major components of the V/F converter electronic integrator . . . . . 28

6. Electronic specifications of the Analog Devices A450W ViF
converter . . . . . . . . . . . . . . . . . . . . . . . . . . . . .36

1. Typical sodium chloride RQFT calibration data used for least
squares curve fitting . . . . . . . . . . . . . . . . . . . . . . . 48

8. Least squares curve fit calculations for the data contained in
Table 7 . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . 48

9. Protection factor calculations for the data contained in Table 7... 52

. .
-m1



AUTOMATED CALCULATION OF PROTECTION FACTORS
FOR THE SODIUM CHLORIDE RESPIRATOR

QUANTITATIVE FIT TEST INSTRUMENF

INTRODUCTION

The purpose of this report is to present an automated procedure for cat-
culating a respirator's protection factor (PF) afforded to the respiratory
tract and eyes against chemical warfare (CW) agents in particulate, aerosol,
or vapor form. The participating nations of the Air Standardization Coordi-
nating Connittee (ASCC) have drafted a North Atlantic Treaty Organization
(NATO) Standardization Agreement (STANAG) reconnending a sodium chloride quan-
titative fit test scheme for this procedure [1]. The Chemical Defense Estab-
lishment (CDE) in the Ministry of Defense (MOD) of the United Kingdom is
credited with developing the basic sodiun chloride (NaCl) quantitative fit
test technology [2-1i]. The United States Air Force School of Aerospace Medi-
cine (USAFSAM), which has had several years of laboratory experience with the
souium chloride quantitative fit test instrumentation [1], has reviewed and
endorsed this draft agreement.

Our experience with the sodiuni chloride quantitative fit test instrumen-
tation has shown one area to be of particular concern; namely, the method of
reducing the collected data (respirator sodiun chloride penetration concentra-
tion for a particular exercise protocol) and calculating a protection factor.
Tht. STANAG agreement draft proposes that:

"..:aen t:~e output of the flame photometer fluctuates during
,u akasurtiretit of penetration, the maximum output is to be
used to calculate the Protection Factor. For this pur-
pose, occasional transient increases in output the dura-

j tion of each of which does not exceed 2 sec may be
ignored." [1)

In addition, various interested organizations have developed and reported on
the following data reduction schemes for respirator quantitative fit testing
'2, 13-43):

a. selection of the overall maximum output peak

b. arithmetic avcrage of the maximum output peaks

c. arithmetic average of the maximum output peaks and minimum
valleys (midpoint)

d. visual estimation of the midpoint between the maximum output
peaks and minimum valleyes

e. time-averaged or Integrated value.

I 7 j~r- • ,



This report develops, with some rigor, an automated procedure to reduce
the NaCi leak test data and calculate a protection factor. An overview of the
USAFSAM sodium chloride respirator quantitative fit test instrument is fol-
lowed by: a discussion on conventional protection factor calculations; the
use of a voltage-to-frequency (V/F) converter circuit to do time-averaged
integration; and, finally, a least-squares curve fit computer program to cal-
culate a protection factor.

USAFSAM SODIUM CHLORIDE RESPIRATOR
QUANTITATIVE FIT TEST INSTRUMENT

The CDE sodium chloride respirator quantitative fit test method, de-
scribed in British Standards 4400 and 2091, has been adapted and modified by
USAFSAM to measure the protection factor in the respiratory and eye compart-
ments of aircrew chemical defense respirators [3,11]. This instrument gener-
ates a solid aerosol of sodium chloride crystals as the challenge atmosphere.
The concentration of the challenge atmosphere in an aircrew respirator is
measured using a hydrogen flame photometer, and the result is displayed on a
strip-chart recorder. This technique allows protection factors as high as
106 to be calculated.

Instrument Description

Illustrated in Figure 1 are the primary components used in the USAFSAM
sodium chloride respirator quantitative fit test instrument [1,3,11,33]. The
sodium chloride solid aerosol challenge atmosphere is generated by atomizing a
soaium chloride solution, drying the liquid aerosol in a drying tube, and
delivering the dry cloud to the top of a transparent plastic hood, A subject,
having donned a respirator, enters the hood and performs a series of breathing
and head movement exercises. A sampling pump is used to draw a portion of the
atmosphere from the interior compartment of the respirator, This sample is
vaporized in a hydrogen flame photometer, and the output signal is displayed
on a strip-chart recorder.

Production of the Sodium Chloride Challenge Atmosphere

The challenge atmosphere is generated by atomizing a 5% aqueous sodium
chloride solution, prepared by dissolving 50.00 grams of sodium chloride in
1000 ml of distilled water. Operating a Dautrebande atomizer at 70 psi
(482.3 kPa) (clean dry compressed air) yields a flow through the atomizer of
35 liters/min (STP). The liquid aerosol from the atomizer is then injected
perpendicularly into the air stream flowing through a mixing and drying tube.
The 50 liter/min (STP) source of clean dry air evaporates the water from the
liquid sodium chloride aerosol and produces a solid sodium chloride aerosol
challenge atmosphere. rhe mass median aerodynamic diameter (MRAD) of the dry
sodium chloride crystals range from 0.4 - 0.6 umn. The sodium chloride chal-
lenge atmosphere is delivered through a short length of Tygon tubing to the
top center of a transparent plastic hood that covers the subject from head to
waist. The hood's vertical displacement is controlled by releasing a locking
pin and turning a cable-connected crank. The diameter of the hood permits a
subject to move freely his arms, shoulders, and head. An adjustable cloth col-
lar attached to the bottom edge of the hood is drawn snugly around the sub-
ject's waist and serves to contain the challenge atmosphere C1,3,11,331.

8
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Measurement of the Sodium Chloride Respirator Leakage

When evaluating a full-face aircrew chemical defense respirator, a pri-
mary concern is the penetration of the sodium chloride challenge atmosphere
into the visual compartment. In order to make this measurement, an aluminum
tube, approximately-1 in. (2.54 cm) long and 0.25 in. (0.635 cm) i.d., is so
fitted through and sealed to the protective device's visor that the distance
from the cornea to the open end of the aluminum sampling tube (interior to the
respirator's visor) is not greater than 0.8 in. (2 cm) [1].

The concentration of the sodium chloride challenge atmosphere that has
leaked into the visual compartment is determined by continuously sampling gas
from this site and vaporizing it in the flame photometer. Sampling is accom-
plished by attaching one end of a short length of Tygon tubing to the open end
of the aluminum sampling tube (exterior to the respirator's visor), and then
passing the opposite end of the plastic tubing through a sealed port in the
top of the hood. A pump--of the metal bellows positive displacement, continu-
ously sampling type--is connected to the open end of the hood's port, and is
used to draw a gas sample from the respirator's visual compartment (constant
7-liter/min flow). Before the 7-liter/min sample is injected into the hydro-
gen flame photometer, a 6-liter/min amount is bled to the ambient atmosphere
through a calibrated orifice. The resulting 1-liter/min sample is diluted
with a 14-liter/min flow of clean dry compressed air, and this mixture is then
injected into the photometer for analysis. The determination of the 7-1iter/
min mask sampling rate, 6-liter/min bleed-off, and subsequent 14-liter/min
dilution of the 1-liter/min portion of the penetration sample was based on two
experimental observations: First, the 7-liter/min sampling rate was selected
to minimize the negative pressure within the respirator's visual compartment;
i.e., a greater sampling rate was observed to distort the penetration measure-
ment. Second, the sodium chloride-air mixture composition was metered to
yield optimum performance of the hydrogen flame photometer for PF's ranging
from 10• to 100 [33].

The flame photometer used to analyze the sampled sodium chloride aerosol
from the interior of a respirator consisted of two primary components: a
burner to vaporize the sodium chloride crystals, and an electronic package to
quantify the actual leakage concentration.

Hydrogen is used as the combustion gas for the burner because of its
pure, almost colorless (pale blue) flame. With the particular gas jet being
used, the hydrogen source is regulated to flow at. a nominal 0.05 - 0.07 psi
(0.34 - 0.48 kPa);_these conditions produce a 1-in. (2.54 cm) vertical flame
[33].

The electro-optic scheme used to quantify a respirator's sodium chloride
leakage is shown in Figure 2 [33J. In operation, the sampled sodium chloride
crystals are vaporized in the hydrogen flame photometer. The 589 nanometer
(nm) wavelength optical baindpass filter is used to detect the yellow sodium
emission lines and to reject all other undesirable light energy emissions.
Detection and quantification of the intensity of the filtered yellow light is
accomplished with a photomultiplier tube (PMT). In principle, the PMT output
current is directly proportional to the intensity of the yellow light
impinging upon its cathode. Thus, since the intensity of yellow light pro-
duced by the hydrogen flame is proportional to the concentration of sodium
chloride in the medium surrounding the flame, the PMT output current Is
also proportional to the sodium chloride concentration around the flame.

10
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Electronic processing of the PMT output current is necessary for three
reasons:

a. The PMT output current must be converted to a voltage of suffi-
cient magnitude so that the leakage can be displayed on a strip-
chart recorder.

b. The PMT output current must be filtered to reduce the random
high-frequency noise components.

c. The PMT output current must he scaled logarithmically to accom-
modate a wide dynamic range (four orders of current magnitude)
on a single span strip-chart recorder.

The electronic processing scheme used in the USAFSAM sodium chloride respira-
tor quantitative fit test instrument is shown in Figure 3 [33]. A Harris
Semiconductor Corporation (HA2-2905-5) integrated circuit is used as the
active element in the current-to-voltage converter; an Analog Devises Corpora-
tion (Model 755N) integrated circuit is used as the logarithmic amplifier; and
a Signetics Corporation general purpose 741 operational amplifier integrated
circuit is used in the interface circuit to drive the strip-chart recorder.
The low-pass filter and logarithmic amplifier are shown in Figure 4 [33].
Illustrated in Figure 5 are the electronics associated with the strip-chart
recorder interface circuit [33]. The PMT detector is an International Tele-
phone and Telegraph (ITT) special purpose 16-stage, electrostatically focused,
model FW130 tube. With an operating anode-to-cathode potential of 1300-2200
volts, the PMT's dark current is 100 times less than the PMT background cur-
rent (PMT background current is defined to be that current produced by the
tube when the hydrogen flame is surrounded by a medium free of sodium chlo-
ride). With the associated electronics package (Figs. 4 and 5), the following
transfer function relates the PMT output current to the strip-chart recorder
voltage:

v = 2 + log (1)

where

v = output voltage to strip-chart recorder (in volts), and

i = PMT output current (in microamperes)

In addition, this transfer function is illustrated graphically in Figure 6
[33]. Of particular attention is the fact that the PMT output current spans
11 nanoamperes (nA) to 110 microamperes (vA), and the associated strip-chart
recorder voltage spans 0 to 4 volts; i.e., a 1-volt output change occurs per
decade of input current change.

In order to calculate the protection factor for a subject's chemical
defense respirator, the foregoing information concerning the dynamics of the
instrument must be coupled with one morm factor--the calibration procedure.

13
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Calibration Procedure

The calibration procedure being used for the USAFSAM sodium chloride
respirator quantitative fit test instrument utilizes the serial dilution tech-
nique [1]. This technique is based on the fact that the concentration of
sodium chloride in the challenge atmosphere is directly proportional to the
concentration of the sodium chloride in the atomizer solution. Thus, since a
5% sodium chloride solution standard is used to produce the challenge atmo-
sphere, a series of dilutions of this standard can be used to produce known
PMT voltage responses. If the serial dilutions are carefully selected, a
series of PMT voltages, directly proportional to these concentrations, can be
measured. In the end, it will be possible to interpolate between these known
PMT-voltage response vs. serial-dilution concentrations, and to calculate the
sodium chloride leakage (concentration) (and thus PF) based on the associated
strip-chart recorder voltage fluctuations. The judicious selection of serial
dilutions was made to produce calibration standards ranging from 10-6 to 10-1

of the basic 5% sodium chloride challenge atmosphere solution. Table 1
depicts the relative concentrations and component amounts [33] for the chal-
lenge/calibration sodium chloride solutions (see "Author's Note," below).

TABLE 1. SODIUM CHLORIDE CHALLENGE/CALIBRATION SOLUTIONS [Ref. 333

Relative Mass of sodium Volume of distilled
concentration chloride (grams) water (liters)

100 (5% challenge) 50.00 1.0
10-1 5.000 1.0
10-2 O.5000 1.0
10- 3  0.05000 1.0
10"4 0.005000 1.0
10"5 0.0005000 1.0
10-6 0. 00005000 1.0

When calibrating the instrument, to avoid contaminating a weaker sol]uion
by a stronger one, the operator begins with an atomizer containing the 10"
solution and advances to the 100 solution. The strip-chart voltage amplitude
for each calibration sample is annotated and retained for subsequent analy-
sis. A typical plot (semi logarithmic) of the PMT output voltage response for
ea:h of the sodium chloride concentration standards is illustrated in Fig-
ure 7; and Table 2 depicts this relationship with actual data.

AUT1OIO'S NOTE: The dual function of the 100 NaCl solution is to serve as
a calibration solution and the challenge solution.

17
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TABLE 2. SODIUM CHLORIDE CHALLENGE/CALIBRATION SOLUTION CONCENTRATION VS.
PMT OUTPUT VOLTAGE

Sodium chloride challenge/ PMT output voltage
calibration solution concentration (volts)

100 (5% challenge) 3.355
10-1 2.915
10-2 2.310
10-3 1.500
.10-4 0.545
10- 5  0.155
10-6 0.105

CONVENTIONAL PROTECTION FACTOR CALCULATIONS

A general discussion of a protection factor is presented here, along with
a description of the conventional method (hand calculation) used to calculate
the PF's associated with aircrew chemical defense respirator quantitative fit
testing. Through this information, the reader can evaluate the respective
advantages and disadvantages of the conventional and automated methods of
calculating PF's.

Protection Factor

A respiratory protection factor is defined as the ratio of the Ambient
challenge atmosphere concentration external to the respiratory protective
device to %hat of the sampled leakage concentration drawn from the interior of
the device [1,2,8,11-20,26,32,34,37,41-43]. Formally, this relationship can
be expressed in mathematical terms:

Ca
PF =a (2)

Cs

where

PF - protection factor

Ca - mbient challenge atmosphere concentration

Cs = sampled leakage concentration

Note that a PF is a dimensionless quantity. In the ratio, the units of con-
centration in the numerator and denominator cancel (assuming that Ca and
Cs were measured and appropriately converted to a consistent set of
concentration units; e.g., parts per million, micrograms per liter, percent,
etc.).

Also important in respirator quantitative fit testinq is the calculation

of an average protection factor (PFT. This calculation becomes important *ten

19



the subject being evaluated performs a series of breathing and head movementexercises, each of which is designed to stress the face-to-facepiece seal. Inmathematical terms:

n
Si=1 PFi

PF = 
(3)in

where
PF = average protection factor for n exercises

i = the ith exercise, i = 1, 2, 3, ... , n

PF = protection factor associated with a particular exercise
Similarly, an average weighted protection factor can be calculated whengreater or lesser degrees of relative importance are assigned to individualexercise PF's. The most common example is that in which each exercise in anexercise protocol is performed for a different length of time; in this case,time would become the weighting factor. For completeness, a mathematical
expression for an average weighted PF is:

n
wi PFi

PFW 
(4)

n
wii 1

where
PFw = weighted average protection factor for n exercises

i z the ith exercise, i = 1, 2, 3, .. , n

wi -weighting factor for the ith exercise

PF - protection factor associated with a particular exercise

Conventional Method of Calculating a Protection Factor
The USAFSAM instrument, as well as most of the similar systems, does notdisplay, record, or calculate PF's. The instrument does, however, record anddisplay the relative penetration (leakage) of the challenge atmosphere. Thecalculation of PF's for the USAFSAM instrument can be explained through anexample. Shown in Figure 8 is a typical quantitative fit test strip-chartrecording that includes the preliminary calibration and penetration informa-tion for a set of six exercises:
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a. normal breathing (NB)

b. deep breathing (DB)

c. turning head side-to-side with deep breathing (TH)

d. moving head up-and-down with deep breathing (UD)

e. talking (T)

f. facial grimacing (FG)

The analysis of Figure 8 begins at the bottom of the strip-chart record-
ing. The first section of information uniquely identifies the particular sub-
ject and type of respirator. The next section contains the instrument cali-
bration data (a steady-state response measurement is recorded for each of the
serial dilutions and the 5% or 100 sodium chloride challenge concentration).
Before the breathing exercises begin, a zero calibration or washout measure-
ment is taken to establish a baseline. The six exercises follow in sequence,
each being performed for a predetermined time period.

The cyclic nature of the recorder's trace during the exercises is a
direct function of the subject's breathing cycle. Figure 8, for instance,
reveals that the slight negative pressure created in the facepiece during
inhalation increases the penetration of the challenge atmosphere. Exhalation,
on the other hand, creates a slightly positive pressure, and acts to reduce
the penetration of the challenge atmosphere. Because samples are drawn from
the visual cavity of chemical defense respirators, absorption of the sodium
chloride aerosol by the lungs is negligible [1]. Therefore, respirator per-
formance is based on the average of the penetration peaks and valleys for each
of the exercises. Finally, the overall respirator performance is based on the
arithmetic average of the six exercise PF's.

The average of the penetration peaks and valleys (location of their mid-
point) is generally deduced visually. By considering each exercise separate-
ly, a line can be drawn through the "visual average" of the peaks and val-
leys. This midpoint line is then extended until it intersects the calibration
curve (Fig. 8). A plot of the sodium chloride calibration concentrations vs.
their strip-chart recorder displacements reveals an approximate logarithmic
relationship (Fig. 9). Thus, logarithmic interpolation is used to identify
the average penetration value between adjacent calibration decades. Presented
in Table 3 is a suninary of the calculations for the example in Figure 8.

TABLE 3. QUANTITATIVE FIT TEST PENETRATION RECORD

Exercise Average penetration

Nurmal breathing 5.5 x 10-5

Deep breathing 7.1 x I0-5
Turning head side-to-side (deep breathing) 7.2 x 10-5
Moving head up-and-down (deep breathing) 5.5 x 10-5
Talking 5.9 x I0-5
Facial grimacing 8.3 x 10- 5
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With this information, the PF for each exercise can he calculated using
the following relationship:

Ca 100 1
PF - - - (5)

Cs Cs Cs

That is, since the challenge atmosphere is generated from the 5% or 100 sodium
chloride solution concentration, and 100 1, it follows that a PF is simply
the reciprocal of the exercise average penetration. To complete this example,
Table 4 depicts the calculated exercise PF's and the overall arithmetic aver-
age PF.

TABLE 4. QUANTITATIVE FIT TEST PF RFCORD

Exercise PF

Normal breathing 1.8 x 1r4

Deep breathing 1.3 x 1()4

Turiing head side-to-side (deep breathing) 1.4 x 104
Moving head up-and-down (deep breathing) 1.8 x 104

Talking 1.7 x 10"
Facial grimacing- 1.2 x 104

Overall average PF = I• x 1O"

Alth•ough the strip-chart recorder data can be interpreted without
significant mathematical rigor, this exercise can be exasperating when more
than a dozen subjec'.s are involved. Having analyzed a series of 13 tests,
this author has developed an alternative method that utilizes the USAFSAM
POP-11/70 computer to perform these calculations. This automated scheme
yields a data reduction turn-around time of approximately 4 min per subject
vs. 40 min per subject by manual calculation.

USING A VOLTAGE-TO-FREQUENCY CONVERTER
CIRCUIT TO DO TIME-AVERAGED INTEGRATION

Various techniques have been applied to Integrate electronic signals
produced in the laboratory. These techniques include the: ball and disk
mechanical; low-inertia motor; electrochemical; analog-to-digital conversion
followed by counting; operational amplifier; and voltage-to-frequency (V/F)
conversion followed by counting [63]. The first four techniques have been
evaluated by numerous investigators for processing laboratory-type recorded
signals. Such integrators, however, possess certain inherent disadvantages;
e.g., high cost, indirect readout, insufficient accuracy and precision, and
insufficient dynamic range.
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Operational A/nplifier Integrators

Operational amplifier integrators have been used to solve the short-term
laboratory signal integration problem [44-50,53,56,68,62-64]. A typical oper-
ational amplifier integrator circuit is shown in Figure 10 [64]. The output
voltage of the circuit (Eout) is related to the input voltage (Ein) by Equa-
tion 6.

t ~ 1 l t ] tI t

rout f ~c~Ein dt + fib dt + J" dt + 1 f E dt (6)o -RC o C 0 C 0 c RC oas

The first term of Equation 6 represents the desired integrated value; and the
second through fourth terms represent the output error generated by inte-
grating the input bias current *il), the current leakage through the inte-
grating capacitor (iRC), and the offset voltage (EaS). respectively. These
errors can be minimized by restricting the period of inteqration from I msec
to 100 sec [51,52,54,55.59,701. However, when the integrating period
approaches 100 sec and an overall 1% accuracy is desired, a large value, hiqh-performance, expensive polystyrene capacitor is required, as well as an
expensive operational amplifier whose input offset current and drift are
negligible. In order to optimize accuracy, to integrate siqnals lastinq from
milliseconds to hours, and to keep the cost of components within manageable
limits, the V/F inteqrator scheme becomes an extremely attractive alternative(69,1- 13].

Voltage-to-Frequency Converter Integrators

The basic function of a V/F converter is to transform a variable direct-
current voltage (usually 0 to 10 volts) into a pulse train whose repetition
rate (frequency) is a direct linear function of the direct-current input 4olt-
age, An excellent technique for precisely integrating an analog voltage sig.nal Is simply to add a counter stage to the output of a V/F converter and
accumulate the pulse count. By accumulating the V/F converter output pulses,
the "area under the input voltage curve," or integral, is calculated. This
operating principle (68.69] is illustrated in Figure 11 In addition, digital
integrators using V/F's have three primary advantages over their operational
amplifier counterparts--for it is very easy to:

a. simply switch the counter Uo a "hold' position, and
the accumulated count (inte(rated value) is held in-
definitely with absolutely no drift;

b. preset the digital counter to any desired level and
integrate up (or down) from that initial condition;
and

c. adapt standard electro-optical readouts (such as Nixie
tubes, light-emitting diodes, etc.) to display the
integrated cuunt value.

The attractive features of the V/F integration technique stimmlited the
development of the integrator used with the USAFSAI RQFT sodium chloride
instrument.
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USAFSAM Sodium Chloride RQFT Voltage-to-Frequency
Integrator Circuit Design

Shown in the respective figures are the schematic diagrams for: the
USAFSAM sodium chloride RQFT instrument (Fig. 12); the digital display
(Fig. 13); and the voltmeter (Fig. 14). The major components [66,67,74-82]
are listed in Table 5.

TABLE 5. MAJOR COMPONENTS OF THE V/F CONVERTER ELECTRONIC INTEGRATOR

Schematic Diagram Ref- Description
erences (Figs. 12- 14)

RI 27K ohms, 1/4 W, 5%

R2 1K ohms, 1/4 W, 5%

R3 20K ohms, 1/4 W, 5%

R4 500-ohm variable potentiometer

R5 50K-ohm variable potentiometer

R6 lOOK ohms, 1/4 W, 5%

R7 lOOK ohms, 1/4 W, 5%

R8 50K ohms, 1/4 W, 5%

R9 lOOK ohms, 1/4 W, 5%

RIO 50K ohms, 1/4 W, 5%

R11 100K ohms, 1/4 W, 5%

R12 WOOK ohms, 1/4 W, 5%

R13 15K ohms, 1/4 W, 5%

R14 10K ohms, 1/4 W, 5%

R15 1K ohms, 1/4 W, 5%

(Cont'd. on facing page)
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TABLE 5 (Cont'd.)

Schematic diagram ref- Description

erences (Figs. 12 - 14)

R16 1OOK-ohm variable potentiometer

Ri7 10K ohms, 1/4 watt, 5%

CI 0.1--F capacitor

TI 2N956 NPN transistor

ICl Precision Monolithics Incorporated,
operational amplifier, OP-7

IC2 Analog Devices Incorporated, high per-
formance V/F converter, AD450J

IC3 Motorola Semiconductor Products Incorpo-
rated, decade counter/divider,
MC14O17B

IC4 Motorola Semiconductor Products Incorpo-
rated, noninverting hex buffers, MC
14050B, Vcc - Pin 1, Vss - Pin 8,
Ground Pins 11 and 14, Vcc = +5 volts

IC5 Motorola Semiconductor Products Incorpo-
rated, quad 2-input OR gate, MC14071B,
Vcc - Pin 14, Vss - Pin 7, Ground Pins
5, 6, 7, 8, 9, 12, and 13, Vcc - +5
volts

IC6 Texas Instruments Incorporated, hex
inverter, SN7404, Vcc - Pin 14, Vss -
Pin 7, Vcc - +5 volts

IC/ Motorola Semiconductor Products Incorpo-
rated, industrial time base generator,
MC14566B

Digital Display Module - Dialight LED display module 749-1706
Integrator Count

Digital Display Module - Dialight LED display module 749-1704
Integration Time
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Description of the Analog Devices AD450J
V/F Converter Integrated Circuit

The heart of the USAFSAM sodium chloride RQFT instrument integrator design
is the Analog Devices AD450J V/F converter. The el'ectronic specifications for
this device [66,67,78] are summarized in Table 6, and a block diagram of the
converter is shown in Figure 15 [66,67,78].

The AD450J is a low-cost high-performance V/F converter that provides
exceptional linearity and temperature stability over a wide dynamic input sig-
nal range. The key to the AD450J's precise operation is the unique charge
balance conversion technique. This feature means that an analog signal is
accurately converted to a train of pulses (each of which has a constant width
and amplitude) at a rate directly proportional to the analog signal ampli-
tude. The output continuously tracks and responds directly to changes in the
input signal.

The versatile operational amplifier buffer serves as the input stage. Its
purpose is to convert the applied input voltage to a control current for the
charge balance conversion circuitry.

External clock synchronization is not required for the AD450J. The inter-
nal temperature compensated timing reference yields an accurate square-wave
output pulse train void of low-frequency cycle-to-cycle jitter.

Finally, the output drive circuitry is responsible for conditioning the
stable output pulse train. The high current-handling capacity of this cir-
cuitry allows the designer to interface directly with any low-cost digital
processing logic family. These attractive features motivated the selection of
the AD450J as the V/F converter circuit for the long-term precision integrator
design.

Operation of the USAFSAM Sodium Chloride RQFT
V/F Integrator

Operation of the USAFSAM sodium chloride RQFT V/F integrator is quite sim-
ple. The integrator's capability and function can be appreciated by analyzing
Figure 12. Only one connection to the integrator is required. The analog
voltage signal to be integrated (the input signal to the strip-chart recorder)
is connected directly to the 0-10 volt integrator input terminal.

The integrator is energized with the on/off switch, and the front panel
neon lamp yields a positive indication for applied power. 'Two direct-current
power supplies (±15 volt and +5 volt) provide the operating voltages for the

integrator's digital circuits.I
Because the output signal of the sodium chloride RQFT instrument is biased

with a low-level noise component, a Precision Monolithics Corporation OP-7
operational amplifier buffer is used to compensate for this unwanted signal

[74). The degree of compensation is accomplished by rotating the PMT noise
offset voltage adjustment potentiometer (R16). This adjustment must be
checked each time the RQFT instrument is turned on.
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TABLE 6. ELECTRONIC SPECIFICATIONS OF THE ANALOG DEVICES AD450J V/F CONVERTER

Characteristic Value

TRANSFER FUNCTION

Voltage Input fout (10, Hz

V )ein

ANALOG INPUT

Voltage Signal Range (ein) 0 to +1OV min

Overrange 50% min

Impedance (ein) 20k0

Max Safe Input Voltage (ein) +25V (-VS)

ACCURACY

Warmup Time I min

Nonlinearity

ein = +lmV to +15V +0.01% max

Full Scale Error (+0.5 i 1.5)% max

Gain

vs. Temperature (0 to 700C) ±50ppm/0 C max

vs. Supply Voltage ±200ppm/%max

vs. Time 100ppm/day

Input Offset Voltage ±5mV max *1

vs. Temperature (0Oto 700C) +50PV/ 0 C

vs. Supply Voltage ±lOppm/%max

vs. Time ±lOuV/day

(Cont'd. on facing page)
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TABLE 6 (Cont'd.)

Characteristic Value

RESPONSE

Settling Time for +1OV Step Input 120s

Overload Recovery Time 15ms

OUTPUT

Waveform Train of TTL/DTL compatible pulses

Pulse Width 50us

Rise/Fall Time 200ns

Pulse Polarity positive

Logic "I" (High) Level +2.4V min

Logic "0" (Low) Level +O.4V max

Capacitive Loading 1OOOpF max

Fan Out Loading 10 TTL loads min

Impedance 3.3k0

POWER SUPPLY

Voltage, Rated Performance ±15V dc

Voltage, Operating ±(12 to 18)V dc

Current, Quiescent (+15, -9)mA

TEMPERATURE RANGE

Rated Performance 0 to +706C

Operating -25 0 C to +800C

Storage -551C to +850C

CASE SIZE (1.5 x 1.5 x 0.4) inches

OTL diode-transistor logic; and TTL - transistor-transistor logic.
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The overall accuracy and dynamic range of the AD450J V/F converter is
established with an initial calibration of the two trim potentiometers (R4 and
R5) shown in Figure 12. This calibration is accomplished after the integrator
has reached an operating equilibrium (5-min warmup). A precision regulated
voltage source of +1.00 mV is connected to pin 6 of ICI, and 6n oscilloscope
is connected between ground and pin 6 of IC2. The zero offset adjustment
potentiometer (R5) is rotated so that a I Hz frequency pulse train is visible
on the oscilloscope. The precision regulated voltage source is then set to
+10.000 V, and the full scale adjustment potentiometer (R4) is rotated so that
a 10 kHz frequency pulse train is visible on the oscilloscope.

The analog input voltage-to-frequency conversion process is accomplished
with the Analog Devices AD450J V/F converter. Its output pulse train is pro-
cessed by the Motorola Semiconductor Products MC14017B decade counter-divider
integrated circuit. This integrated circuit conditions and accumulates the
V/F converter output signal for the 6-digit LED integrator count display. The
user can select a signal dividing constant via the panel-mounted integratnr
count scale switch. Selection of the divide-by-one position means a one-to-
one correspondence exists between the actual integrator count (area under the
analog voltage input signal) and the magnitude on the digital display. Selec-
tion of any switch position 2 through 9 means that the magnitude on the digi-
tal display must be multiplied by the switch position number to yield the
actual integrator count. This feature permits the user to integrate input
signals for several hours without overloading the integrator count display.

An internal time base generator is an inherent part of the integrator
design. A Motorola Semiconductor Products MC14566 integrated circuit is used
to provide a clocked output pulse each second. The accumulated time (in sec-
onds) is available via the 4-digit LED display. The user controls the length
of time an analog input signal is integrated. Two front-panel mounted
switches give the user the flexibility to clear both LED displays to read zero
and halt the integration of a signal at any point in time. To clear the dis-
plays, the user simply toggles the display reset switch and trips the integra-
tor function switch to the hold position, When the operator is ready to inte-
grate a signal, he toggles the integrator function switch to the run position.
Thus, the signal will be integrated and the integrator count and elapsed time
will be automatically recorded on the appropriate LED displays. When the
integration is to be halted, the user toggles the integration function switch
to the hold position. This last operation gives the user the opportunity to
record the magnitude of the integrator count and elapsed time. When another
signal is to be integrated, the user resets the displays to zero and repeats
the setuence described above.

Data Collection with the USAFSWLN Sodium
Chloride RQFT Instrument V/F Integrator

The collection of RQFT data for subsequent PF calculotions is a simple
process -then the integrator is used. Shown in Figures 16 and 17 are the data
sheets used for this purpose. After the ROFT instrument has reached its oper-
ating equilibrium, and the Integrator's PMT noise offset voltage has been
adjusted, the sodium chloride calibration and challenge atmosphere atomizer
solutions are processed.
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RESPIRATOR QUANTITATIVE FIT TESTING
-- USAFSAM SALT FOG INSTRUMENTATION--

Concentration Voltage (In Volts)

10 to the Zero
10 to the Minus One
10 to the Minus Two
10 to the Minus Three
10 to the Minus Four
10 to the Minus Five
1.0 to the Minus Six

SUBJECT NAME:
TYPE OF MASK:
DATE TESTED:
TIME TESTED:

Exercise Count Time Period
(In Seconds)

Normal Breathing Straight Ahead _ m
Deep Breathing Straight AheadTalking
Side-to-Side Head Movements (Deep Breathing) I

Up-and-Down Head Movements (Deep Breathing)
Facial Grimacing

Figure 16. Sodium chloride RQFT data collection form No. 1.
J
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RESPIRATOR QUANTITATIVE FIT TESTING
-- USAFSAM SALT FOG INSTRUMENTATION--

Concentration Voltage (In Volts)

10 to the Zero
10 to the Minus One
10 to the Minus Two
10 to the Minus Three
10 to the Minus Four
10 to the Minus Five
10 to the Minus Six

SUBJECT NAME:
TYPE OF MASK:
DATE TESTED:
TIME TESTED:

Exercise Count Time Period
(In Seconds)

Normal Breathing Straight Ahead
Normal Breathing Left - - -
Normal Breathing Right

Normal Breathing Down
Normal Breathing Up
Deep Breathing Straight Ahead
Deep Breathing Left
Deep Breathing Right
Deep Breathing Down
Deep Breathing Up - -
Talking
Fi-,ial Grimacing
Side-to-Side Head Movements (Normal Breathing) . - .....
Up-and-Down Movements (Normal Breathing)
Side-to-Side Head Movements (Deep Breathing) ----

Up-and-Down Head Movements (Deep Breathing)93., ... ,

Figure 17. Sodium chloride RQFT data collection form No. 2.
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The data collected for each of the standards is the steady-state output voltage
displayed on the integrator's digital voltmeter. These voltages will range
from a maximum of 4.0 volts to a minimum of 0.09 volts; each reading is re-
corded opposite the sodium chloride concentration (Fig. 16). The next block of
information to be recorded is the subject and respirator identification infor-
mation. After each exercise is accomplished, the integrator count on the
6-digit LED display and time on the 4-digit LED display are recorded. The
elapsed-time display is used to initiate and terminate each exercise. Before
proceeding to the next exercise, the integrator displays are reset to zero.

After all subjects have been tested, the user proceeds to a computer term-
inal and enters the information from the data collection forms. The interac-
tive curve-fitting and PF calculation program described in the next section is
used to process the RQFT data.

LEAST SQUARES CURVE FITTING COMPUTER PROGRAM
TO CALCULATE PROTECTION FACTORS

The fitting of empirical data by formulas or equations can be accomplished
by two methods. The first is to have a polynomial that is satisfied exactly at
the observed data points; this is commonly referred to as "the polynomial
interpolation method" [83,84,86-92]. The second method, however, is a more
desirable way to analyze data which have been gathered from experimental obser-
vations that are biased with various errors of measurement; this is commonly
referred to as "the least squares approximation method" [83-87,93]. Because
the measurement errors associated with the RQFT calibration data have been
empirically determined to be relatively small in magnitude, a least squares
curve fitting algorithm is used to determine an interpolating polynomial. The
theory of fittinig nonlinear curves by the method of least squares yields an
interpolating polynomial when the degree of the polynomial is one less than the
number of data points. Additionally, this curve fitting polynomial is unique
and the data points are fully parameterized [96]. A summary of the mathemati-
cal theory for the method of least squares curve fitting is presented first,
and is followed by its direct application to process the RQFT data and calcu-
late PF's.

The Method of Least Squares Curve Fitting

The objective of the method of least squares curve fitting is to relate by
some function, y - f(x), a set of m points (xj, yj), (j c Is 2, 3,..., m),
which have been gathered through some measuring process. The method of least
squares curve fitting assumes that the function, y - f(x), can be written as a
polynomial of degree n < m:

n I'

y 30 a1x + a2 x2 + ... + anxn aixi (7)
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The next step in the process is to determine the value of the coefficients

ai, (i = 0, 1, 2, ... , n), such that the polynomial described by Equation 7
is a "good fit" to the data (x, yj). By substituting the data points
into the polynomial described 4y Equation 7, a set of m simultaneous equations
are generated:

R, = ao + ajxj + a2 x 1  - ... + + a -x _ Y

R2 = ao + aix 2 + a2x2 2 + - +anx2n - Y2

(8)

2 nRm ao + alxm + a2Xm2 + ... + anXmn -Ym

These equations are not exactly equal to zero, because the polynomial does not
necessarily pass through all the points (except in the case where the degree
of the polynomial is one less than the number of data points). As shown in
Figure 18, the differences between a polynomial value and a data value can be
positive, negative, or zero. This difference is called a residual. Residuals
are readily calculated by Equation 9.

nj aixi yj for (j = 1, 2, ... , m) (9)

Thus, the set of equations described by Equ.tion 8 can be referred to as "the
residual equations." The principle of least squares curve fitting states that
the best representation of the data is that which makes the sun of the squares
of the residuals a minimum [83,86,87,93]. Therefore, it is desirable to force
the function

f(ao, a,, a2, ... , an) m R1
2 + R22 + R3

2 + +.. + Rm2  (10)

to be as close to zero as possible. The condition which fulfills this
requirement is that the partial derivatives of Equation 10 be exactly zero
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Thus,

a f V aR, RRmi
f = 2 I - R2 - + .. + Rm 0-2

3a0 3a0  3a0  aaO 0

.af F Rý !Rm-2 - + R2 - + Rm (11)
3a1  Li , a1  a,]

afaR, R a RMi

f 2 [i + R2 *-+ t.. + Rm 0
aan aaan aann

By taking appropriate partial derivatives for the equations in Equation 8,
a new set is generated:

; - [aO + axj + a2xj 2 + ... + anxjn - Yj 1

aaO 3a80

3Rj ax2]
ao + alxj + +2xj + anxn j

aRj +4(

2 nj yjlu

aRj A
a • ao alxj 2 + + anxjn YJ "3an aan,

in which (j 1. 2, 3, ... , M).
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Substituting the results of Equation 12 into Equation 11 yields:

R, + R2 + R3 + ... Rm 0

xiRj + A2R2 + x3 R3 + ... + xmRm 0

x 2R1 + x2
2 R2 + x32R3 + ... + xm2 Rm = 0

(13)

Ix nR1 + x2 nR2 + x3nR3 + *.. + xmnRm 0

Replacing the Ri's by their values, defined in Equation 8, and collecting
the coefficients of the (n+1) unknowns of ai, (i = 0, 1, 2, 3, ... , n),
yields:

mao + +xja. + + .a2 + + xj'an - YYj = 0

jxjaO + jxj2al + jxj 3 a+2  + + xjn+1 an- -xjYj = 0

Xxj 2 ao + 7.xj 3a, + jxj a2  + ... + ixjn+Zan - Zxj 2 yj 0 (14)

Jxjnao + ýxjn+`aL + ixjn+2 a2 + *.. + ýxj 2 nan -xjnyj =0

where all summations are from I to m; that Is,

jxj . I 3+ X 3 X3 3+ +. +M 1 ~(15)1
E+ 2X X2y2 + *.+ XM2yMj

The set of equations defined in Equation 14 are known as the normal equa-
tions. All of the associated summations are known; so the system of equations
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defined by Equation 14 is a system of (n+l) linear equations in the (n+l)
unknowns of a. (i = 0, 1, 2, ... , n). The solution of Equation 14 yields
the coefficients, ai, and thus the polynomial defined by Equation 7 is
determined.

The principle of least squares curve fitting is not limited to polynomi-
als defined solely in terms of x. The functional relationship between y and
x can be any known form (i.e., ex, loglox, sin x, 1/x, etc.) as long as the
functional form is defined and the resulting normal equations can be solved.
The simplest case by far, however, is for y defined directly in terms of x
[83-87,93].

The coefficients for Equation 7 are found by calculating, from the mea-
sured data, all the sums defined by Equation 14. These sums are then substi-
tuted into this system of equations, and the coefficients ai (i = 0, 1, 2,
... , n) are thus determined.

Application of the Method of Least Squares
Curve Fitting to Calculate RQFT PF's

The method of least squares curve fitting was applied to process the cal-
ibration and exercise integrator count data; the final product is the calcula-
tion of PF's. The author wrote a Fortran computer program that accepted the
calibration data and calculated a least squares polynomial curve fit equa-
tion. The integrator count data for each exercise was then substituted into
the polynomial equation, and a corresponding mask leakage penetration (concen-
tration) was calculated. Finally, PF's were calculated using Equation 5. The
subsequent paragraphs of this report outline the analysis used to accomplish
this method of calculating PF's.

The objective of writing a least squares curve fitting computer program
was to take advantage of the intrinsic importance of the calibration data and
relate this set of seven points (xj, yj), (j = 1, 2, 3, ... , 7) by some
function y = f(x). In this particular case, the x coordinate is the digital
voltmeter reading (in volts), and the y coordinate is the corresponding
sodium chloride calibration or challenge concentration. (This determination
was made to avoid introducing additional error in the calculation of a PF by
having to implement a complex inverse iteration algorithm.) By referring to
Figure 16, the reader can observe that these seven ordered pairs correspond to
the data at the top of the RQFT form. A typical set of calibration data are
,hown in Table 7.

After several sets of calibration data had been examined, and various
functional definitions of the variable had been tried, it was determined that
a polynomial of the following form yielded the best and most stable fit:

y = a0 + alex + a2 (ex) 2 + a3 (ex) 3 + at(ex)' + as(ex)5 + a6 (ex) 6  (16)

The "goodness" of fit was checked utilizing the conditional Eq. 10 to verify
that the polynomial indeed passed through the RQFT calibration data points.
The computer program has calculated the "goodness" of fit; and the results for
a typical run, using the data in Table 7, are presented in Table 8. In
addition, a computer-generated (Calcomp) plot (semllogarithmic) is shown in
Figure 19.
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TABLE 7. TYPICAL SODIUM CHLORIDE RQFT CALIBRATION DATA USED
FOR LEAST SQUARES CURVE FITTING

X-coordinate Y-coordinate
(voltage reading) (sodium chloride

[in volts] concentration)

3.380 1.0
2.915 0.1
2.310 0.01
1.500 0.001
0.545 0.0001
0.165 0.00001
0.105 0.000001

TABLE 6. LEAST SQUARES CURVE FIT CALCULATIONS
FOR THE DATA CONTAINED IN TABLE 7

The order of the desired polynomial = 6

The polynomial functional definition of the variable (X) is in terms of:
(Exponential (X))

Coefficient Number 1 = -4.17904E-05
Coefficient Number 2 = -7.31487E-05
Coefficient Number 3 = 1.25863E-04
Coefficient Number 4 = -2.68095E-05
Coefficient Number 5 = 3.80138E-06
Coefficient Number 6 = -1.71541E-07
Coefficient Number 7 = 3.88406E-09

The residuals are calculated by the following equation: [Y(DATA)-Y(ESTIMATED)]

SAMPLE NUMBER Y(DATA) Y(ESTIMATED) RESIDUAL

1 1.00000 1.00000 -0.483548E-07
2 0.100000 0.100000 -0.189111E-07
"3 0.100000E-01 0.100000E-01 -0.711342E-08
4 0.100000E-02 0.100000E-02 -0.401929E-08
5 O.100000E-03 0.100004E-03 -0.390294E-08
6 0.100000E-04 0.100034E-04 -0.340602E-08
7 0.100000E-05 0.100433E-05 -0.432502E-08

Sum of the square residuals = 2.80811E-15
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SODIUM CHLORIDE RQFT CALIBRATION CURVE
CALIBRATION/CHALLENGE CONCENTRATION
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Figure 19. Computer-generated least squares curve fit plot
(semilogarithmic) of the data presented in
Table 7.
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From the information in Table 8, the polynomial curve fit equation is:

y = (-4.17904 x I0-') + (-7.31487 x 10-)eX + (1.25863 x 10-4(eX) 2 +
(-2.68095 x 10-s)(eX) 3 + (3.80138 x 10-)(eX)4 +

(-1.71541 x lO 7 )(eX) 5 + (3.88406 x 10-9 )(eX) 6  (17)

The residuals were calculated to measure the "goodness of fit" for the poly-
nomial curve fit Equation 17. Since the RQFT data points are fully parameter-
ized by Equation 17, the residuals and sum of the square residuals should be
exactly zero. However, these values are not exactly equal to zero because of
computer calculation round-off errors. The computer program made these calcu-
lations by substituting the set of sodium chloride calibration/challenge con-
centration (Y-coordinate values of Table 7) values into the polynomial curve
fit Equation 17; the corresponding calculated Y values are called the Y-esti-
mated values. One can readily observe that the sum of the square residuals is
2.80811 x i0-", a very small number indeed. Interestingly, the worst-case
residual occurs for the 10-6 sodium chloride calibration standard; this
finding implies that the accuracy of predicting a particular exercise mask
leakage concentration will not be in error by more than 0.433% [(0.100433 x
I0-s - 0.100000 x 10-5)/(0.100000 x I0-1) = 0.00433 x 100]. The magnitude of
this error is representative of that found for several sets of calibration
data that have been analyzed.

The following explanation is the key to understanding how a best fit
polynomial curve (relating sodium chloride calibration/challenge concentration
to a digital voltmeter response) can be used to calculate a PF. Two concepts
are involved in the analysis.

First: the Y-axis is, in reality, an exact scale for the time-averaged
mask leakage penetration (concentration). When the user calibrates the RQFT
instrument, the strip-chart recorder displays (on its vertical or Y-axis) the
PMT's response for a known diluted sodiun chloride concentration sample. It
is important to recognize that the response for the diluted concentration is
equivalent to that which would be measured if one were to evaluate the fit of
a mask with the 100 sodium chloride challenge concentration, and have the mask
fit be perfect, except for a "calibrated" leak that would permit a correspond-
ing known diluted concentration of the 100 challenge to penetrate the mask.
The essence of the polynomial curve fit equation is that it permits "interpo-
lation" between the responses for adjacent sodium chloride calibration con-
centrations.

Second: the integrator count--the source of data used to calculate a
mask leakage penetration (concentration)--is, in reality, a time-averaged
voltage response. This fact can be derived through the following analyses:

a. Integrator sensitivity is 1000 counts-per-volt-sec.

b. Each exercise is performed for a predetermined length of time; for
example, 10 sec.

c. The integrator count (IC) value recorded for a particular exercise
is actually the time-averaged area under the strip-chart recorder
response (refer to Figs. 8 and 11).
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Therefore,

IC (counts) = (1000 counts/voltsec).(time in sec)(V volts) (18)

or, rearranging Equation 18 yields

(IC counts)(volt.sec)V volts =(19)

(1000 counts)(time in sec)

Thus,

V volts = IC (201
ts (000)(time in sec)

in which V volts is the time-averaged voltage for a particular exercise.

The computer program, written to accept the integrator exercise count
data and the time duration for each exercise, calculates corresponding exer-
cise time-averaged voltages. Fach time-averaged voltage is substituted into
the polynomial curve fit Equation 17, and a corresponding mask leakage pene-
tration (concentration) is calculated. The final set of calculations per-
formed by the program are the individual exercise PF's, an arithmatic average
PF, and a time-weighted average PF. Equation 5 is used to calculate individ-
ual PF's, and Equations 3 and 4 are used to calculate the average PF's. The
results of the data in Tables 7 and 8 are given in Tabje 9.

Discussion of the Computer Programs Used to Process the
USAFSAM Sodium Chloride RQFT Integrator Data

Two computer programs are used to process the integrator exercise data.
The first and primary program is called NACLRQFT.FTN; the second,
NACLGRAPH. FTN.

The purpose of NACLRQFT.FTN is to use the RQFT information collected orn
the RQFT data sheet (Fig. 16) and calculate a set of PF's. The results of
this program are stored on three disk files:-

1. DATA.XXX contains the initial calibration data, the
test identification data, the time period for each
exercise, and a listing of the exercises performed and
their associated integrator count values.

2. CALCX.XXX contains the polytiomial curve fit equation
coefficients, the calculated residuals, the som of the
square residuals, a composite listing of the identifi-
cation data, the exercises performed and their corre-
sponding PF's, and the average PF's.

3. GRPHX.XXX contains an array of 401 X-axis values and
401 Y-axis values. These values were genetrated using
the polynomial curve fit Equation 15. This array is
used by the RACLGRAPH.FTN program to generate a
CALCOMP calibration curve for the sodium chloride RQFT
cal ibration data.
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TABLE 9. PROTECTION FACTOR CALCULATIONS FOR THE DATA CONTAINED IN
TABLE 7

SUBJECT NAME: Captain Edward S. Kolesar, Jr.

TYPE OF MASK: USA: M17 -Medium (no glasses)

DATE TESTED: 9 April 1980

TIME TESTED: 1330 hours

EXERCISE INTEGRATOR COUNT DATA

Exercise Integrator Time period Protection factor
count ' sec.

Normal breathing straight ahead 3904 10 1.8E+04

Deep breathing straight ahead 4751 10 1.3E+04

Talking 4628 10 1..3E+04

Side-to-side head movNemnts
(deep breathing) 3976 In 1. 7: 04

Up-and-down head movements
(deep breathing) 401:,6 10 I.7E+04

Facial grimacing 4937 10 1.2E+04

Overall arithmetic average protection factor (PF) for all categories of
exercises actually performed - 1.5E+04.

Ov.rall time-weighted average protection factor (PF) for all categories of
exercises actually performed * 15tE+04.
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The NACLGRAPH.FTN program has been written as a separate program because
the USAFSAM PDP-11/70 CALCOMP plotter is an off-line device. That is,
NACLGRAPH.FTN uses the GRPHX.XXX disk file as input data and sequences through
the CALCOMP plot subroutine library files, and produces a user-named output
disk file (for example, PLOT.SCD). The NACLGRAPH.F-N-generated output file is
then transferred to a magnetic tape by one of the computer-rocrn operators.
The magnetic tape is then mounted on the CALCOMP terminal and the plot is
generated [951.

Each of the programs discussed in this section is documented with com-
ments that define the variables and explain the operations performed. There-
fore, a line-by-line analysis of the code will not be done. For the inter-
ested reader, however, the following information is available in eight appen-
dixes (A - H)

Appendix A: NACLRQFT.FTN Fortran listing

Appendix B: DATA.XXXX file contents for data in Table 7

Appendix C: CALCX.XXX file contents fcr information
in Tables 8 and 9

Appendix D: GRPHX.XXX file contents for use with
NACLGRAPH.FTN program

Appendix E: NACLGRAPH.FTN Fortran listing

Appendix F: CALCOMP generated plot (semilogarithmic) of the
GRPHX.XXX data.

Appendix G: User's guide for the NACLRQFT.FTN computer program

Appendix H: User's guide for the NACLGRAPIT.FTN computer program
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-- APPENDIX A--

C
C THIS PROGRAM CALCULATES PROTECTION FACTORS FOR DATA COLLECTED ON
C THE USAFSAM/VNL SODIUM CHLORIDE RQFT INSTRUMENT.
c
c CALCULATIONS ARE BASED ON INTEGRATING THE PHOTOMULTIPLIER
C TUBE'S OUTPUT OVER A VARIABLE TIME PERIOD (10-20 SECONDS) FOR
C EACH EXERCISE OF THE RQFT PROTOCOL. SINCE THE INTEGRATOR'S
C SENSITIVITY IS 1000 COUNTS PER (VOLT-SECOND), AND THE TIME PERIOD
C FOR EACH EXERCISE IS VARIABLE (10-20 SECONDS), A SCALED OR
C 'AVERAGE' VOLTAGE FOR THE PHOTOMULTIPLIER OUTPUT CAN BE
C CALCULATED BY THE FOLLOWING RELATIONSHIP:
C
C APTVO=(IC)*(l/IS)*(I/VTPEE)
C
C WHERE, APTVO=AVFRAGE PHOTOMULTIPLIER TUBE VOLTAGE OUTPUT
C
C IC=INTEGRATOR COUNT
C
C IS=INTEGRATOR SENSITIVITY
C
C VTPEE-VARIABLE TIME PERIOD FOR EACH EXERCISE
C
C NEXT, A LEAST-SQUARES CURVE FITTING METHOD IS USED TO GENERATE A
C POLYNOMIAL FUNCTION OF THE FORM: YF(X). THE DATA USEn TO
C GENERATE THIS FUNCTION ARE THE ORDERED PAIRS OF VALUES OF THE FORM
C (X,Y), TABULATED WHEN CALIBRATING THE RQFT INSTRUMENT WITH THE
C SODIUM CHLORIDE CALIBRATION STANDARDS. IN THIS CASE:
C
C X=PHOTOMULTIPLIER DETECTOR TUBE VOLTAGE OUTPUT (IN VOLTS)
C
C Y=SODIUM CHLORIDE CALIBRATION STANDARD CONCENTRATION
C
C THE RESULT OF THE CURVE FITTING PROCEDURE WILL BE THE CAPABILITY
C TO DIRECTLY CALCULATE THE MASK LEAK CONCENTRATION FOR AN EXERCISE.
C THIS IS SO BECAUSE THE POLYNOMIAL CURVE FITTING RELATIONSHIP OF
C THE FORM: YuF(X), DIRECTLY RELATES THE PHOTOMULTIPLIER TUBE'S
C AVERAGE OUTPUT VOLTAGE TO CONCENTRATION (THAT IS, THE INTEGRATED
C COUNT IS DIRECTLY RELATED TO MASK LEAKAGE CONCENTRATION FOR A
C PARTICULAR EXERCISE).
C
C THUS, FOR A PARTICULAR EXERCISE, R MASK LEAKAGE CONCENTRATION
C IS CALCULATED BY SUBSTITUTING THE 'ADJUSTED' INTEGRATOR COUNT,
C (THAT IS, THE APTVO VALUE), INTO THE POLYNOMIAL CURVE FITTING
C FUNCTION.
C
C FINALLY, A MASK LEAK CONCENTP.ATION IS CONVERTED TO A PROTECTION
C FACTOR BY THE FOLLOWING RELATIONSHIP:
C
C PF- (CC) / (ML)
C
C WHERE, PF-PROTECTION FACTOR
C
C CC-CHALLENGE CONCENTRATION (FOR THIS SYSTEM, 10 TO THE
C ZERO OR 1.0)
c
C ML-MASK LEAK CONCENTRATION FOR A PARTICULAR EXERCISE
C

=mum Pam imi miC m l1imm
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C SINCE THE LEAST-SQUARES CURVE FITTING PROCEDURE IS THE KEY TO
C THIS METHOD OF PROCESSING THE RQFT DATA, THE FOLLOWING COMMENTS
C WILL DESCRIBE ITS IMPLEMENTATION IN THE PROGRAM.
C
C THIS IS A PROGRAM WHICH UTILIZES A LEAST-SQUARES METHOD OF
C APPROXIMATION TO DO CURVE FITTING.
C
C THIS PROGRAM WILL TAKE A SET OF (N) NUMBER OF DATA POINTS AND
C WILL FIT A POLYNOMIAL [UP TO DEGREE (N-i)] TO THE SET OF POINTS.
C
C THIS PROGRAM DETERMINES THE COEFFICIENTS OF THE POLYNOMIAL BY
C SOLVING A SYSTEM OF NORMAL EQUATIONS WHICH ARE DERIVED BY
C CONSIDERING SOME QUANTITY (Y) AS A POLYNOMIAL FUNCTION OF ANOTHER
C QUANTITY (X).
C
C TO FIND THE BEST FITTING CURVE FOR A GIVEN SET OF DATA, THE
C PROGRAM USER IS ONLY REQUIRED TO ENTER THE OBSERVED DATA POINTS
C AND THE DEGREE OF THE POLYNOMIAL APPROXIMATION.
C
C THE FIRST PART OF THE PROGRAM (STATEMENT LABEL NUMBERS: 5101 THRU
C 403) ACCEPTS THE DATA, STORES IT, AND ORGANIZES IT FOR USE IN
C THE REMAINDER OF THE PROGRAM.
C
C THE SECOND PART OF THE PROGRAM (STATEMENT LABEL NUMBERS: 400 THRU
C 500) ESTABLISH THE NORMAL EQUATIONS. STATEMENT LABEL NUMBERSt 30
C THRU 90 SOLVES THE NORMAL EQUATION SYSTEM. IN THE FINAL SECTION
C OF THE PROGRAM (STATEMENT NUMBERS: 16 THRU 11), THE ERRORS
C (DIFFERENCES BETWEEN THE ACTUAL AND THE ESTIMATED VALUES) ARE
C CALCULATED. IN ADDITION THE SUM OF THE SQUARE ERRORS IS
C CALCULATED. THE POLYNOMIAL FUNCTION PRODUCING THE SMALLEST
C SUM OF SQUARE ERRORS YIELDS THE BEST CURVE FIT. OBSERVATION
C OF THE INDIVIDUAL ERRORS, ON THE OTHER HAND, GIVES A CLUE
C AS TO THEIR RELATIVE DISTRIBUTION ABOUT THE BEST FIT
C POLYNOMIAL CURVE.
C
C THE USER IS GIVEN THE OPTION OF SELECTING A FUNCTIONAL
C DEFINITION OF THE VARIABLE (X) SO THAT APPROXIMATIONS
C CAN BE MADE TO CURVES THAT ARE NOT NECESSARILY
C POLYNOMIALS IN (X). FOR EXAMPLE: YmEXP(X) OR Y-1/(X).
C

C***** IF YOU HAVE ANY QUESTIONS CONCERNING THIS PROGRAM CALL *•'

C***** CAPTAIN EDWARD S. KOLESAR, JR. *C***** ~*
USAFSAM/VNL BROOKS AFB, TX

C***** AUTOVON 240-2154 COMMERCIAL (512)536-2154
C ******** * ************************,***i***

C ARRAYS ARE DOUBLE PRECISION TO INSURE ACCURACY OF THE
C CALCULATIONS.
C

IMPLICIT INTEGER*4 (I-N)
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INTEGER FILTK
DOUBLE PRECISION D(8,9),W(0:13),Z(0U13},B(8,9),E(8,9)
DOUBLE PRECISION XAS(7),A(14),X(13),Y(13),THEORYRESID,SRESD,XXX
DOUBLE PRECISION DEL,XMIN,XMAX,XEST,BEGIN,XXMIN,XXMiAS,XXAS(7)
DOUBLE PRECISION PF(l7) ,IC(17) ,ICTP(17) ,XXXX
DIMENSION GRPH11(14) ,GRPH2(802) ,ICCBS(2)
DIMENSION XX(401) ,Y'X(4O1)
BYTE SECN(9)
BYTE P(9),C(10),G(10)
BYTE ANS,COMKEN,REP,COM
BYTE SELECT(7),GROJP 1,GROUP 2
BY:E YES,NO
BYTE NAME(45),MASK(45),DATE(45),TIME(45)
DATA SECN/'1' , 213', l 41,S, *t 6' ,t7t,'8', t9*/
YES='Y'
NO='N'

C
C ESTABLISH A FILE COUTWEF, AND DECLARE THE FILE NAMES.
C
5101 FILTKwl

C
C VARIABLES ARE SET EQUAL TO ZERO SO THAT ITERATIVE RUNS
C ON THE SAME DATA CAN BE READILY PERFORMED.

c M- 0
NP-O
ICCM I I) u72t256+27
ICCBS(2) u74*2S6+27

4137 FORllATC1H ,2A2)
IC1.0.0
IC2*0.0
IC3*0.0
X 0 .0

1C5s.0.
1C60.0.
IC7u0.0
xces0.0
Ic9-0.0

telloO.0

IC120.0O

C1030.0.
C1044.0

XC3*0.0
XC400.0
XCS*0 .0
flC6uO.0
xc7mo.0
xce 9.0*0
XC9'.0.0
xci 0o.0 0
xc I Imoo. 0
XCi2*.0*
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xc13=0.0XCI 3-0. 0
XC15=0. 0

XC16=0.0
CALCPF=0.0
XEST-0.0
PFEST-0.0
DEL=0 .0
THEORY=0.0
RESID-0.0
SRESD-0 .0
Xxx-0.0
BEGIN= 0. 0
DO 9333 1=1,17
IC(I)-0.0
PF(I)=0.0
ICTP(I) -0.0

9333 CONTINUE
DO 4153 I-I,7
XAS(I)-0.0
XXAS'I)-0.0

4153 CONTINUE
C
C THE FILES THAT HiOLD VARIOUS SEGMENTS OF DATA ARE NAMED.
c

DO 9334 1-1,13
XC 1)-0.0
Y(I)-0.0

9334 CONTINUE
P(I)-*D'
IP(2)a'A'

P(3)''T'
P(4)-'A'

p(9)-0
Ccl),,'C'

C(C)-'A'
CC(3) a* L'

S(5lmS-CN•FILTK)
CC63-' .'

GC•) .')* .

G CI)-I' )'

CC$) .SECN C VILTK)GC6) .' . '
GC1O)-O

C

C TH4E FILE CALLED 0&tA.XKXX CONTIAIIS ?14E 3ODIU CILORIDE
r CALIBRATION STANARD CONCENTRATION DATA TO 8B FI•TED
C WITO TIOE POLYNOMIAL PUNCTION.
C
c TIIE FILE CALMED CALC,,XXXX COWTAIN$ TOE CALCULATED POLYVO4MAL
c lopICIc S. IE, RSIDUALS, AND OTHER DSCRIPTIVE INFORMATION.
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C THE FILE CALLED GRPHX.XXX CONTAINS THE FOLLOWING ARRAYS:
C (GRPHI] SODIUM CHLORIDE CALIBRATION STA.NDARD
c CONCENTRATION DATA.
C IGRPH21 ESTIMATED VALUES DERIVED FROM EXERCISING
C THE POLYNOMIAL FUNCTION.
C
C IF A PLOT OF THE ACTUAL DATA AND ESTIMATED VALUES IS DESIRED,
C THE USER CAN USE THE FILE CALLED GRPHX.XXX FOR THIS PURPOSE.
C
C
C NUMBER THE FILES SEQUENTIALLY SO THAT THEY CAN BE eASILY RETRIEVED
C FOR PRINTING AND PLOTTING.
C

TYPE 2006
2006 FORMAT(1X,' '///)
1002 FORMAT(I.AI)

C
C PROGRAM USER WILL UNIQUELY IDENTIFY EACH DATA FILE WITH A
C $ZQUENTIAL NLWBERING SYSTEM FOR EASE OF RECALL.
C

TYPE 4137,ICCB8(l),ICCBS(2)
TYPE 2006
TYPE 2002

2002 FORMAT(IX,'USER &TTE•rIONz IN ORDER TO KEEP TRACK OF THE DATA'/
C' SETS BEING ANALYZED, IT IS RECOMMENDED THAT THEY BE 'I
C' SEQUENTIALLY NUMBERED.'/)

TYPE 306
TYPE 2003

2003 FOiAT(UX,'ENTER THE FOLWOWINGt 001 FOR THE FIRST DATA SET 'I/
C' 002 FOR THE SECOND DATA SETi 003 FOR THE THIRD DATA SMC, ETC.'i/

TYPE 306
TYPE 2004

2004 FOF0AT(1X,'ENT8Yv ',$)
ACCEPT 2005,P(6),P(7),P(8)

2005 VORIAT••\A1)
TYPE 2006
TYPE 2006

TYPE ¶i100
$100 9FOKAkTlX,'USER ATTENTIONt IN 0QICR TO ,ItP TRACK OF NliEti

C' POLYNOMIAL CURVE FITTING COKFICIENTI' Ahfl NESIDUALS, IT'/
C' 18 RECQ*MENOED THAT THEY 8L SEUMttKZIML NIMEtRED.It)

TYPr 3'06
TYPE 5200

S200 O•A X,'E ,E FOLWIX( 001 FOR TUE FM' PESIDUAL SETi'i
C' 002' tO 111 S•CONO 4ESIDUXL SVT: 003 FOR THE '?H11D, CTC.I)

TYPr 3.46

.400 fV)IMAT4:3AI)
TYPE 2006
TYPE 413~?.tCC0Sf1),ICC0SW2
?Yt'tl 2006 R
Type 4001

4001 .•IAT(IX.'USCI ATI•'IWION- IN O10t TO KUEP TRACK OF Tilt 1;RA411'
C* SETS U•ING AIIALYIEI, IT IS RIO'OsMfENIto TAT Tilt' aEt,.
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C' SEQUENTIALLY NUMBERED'/)
TYPE 306
TYPE 4004

41004 FORMAT(1XENTER THE FOLLOWING: 001 FOR THE FIRST GRAPH SET;'/
Cl 002 FOR THE SECOND GRAPH SET; 003 FOR THE THIRD, ETC. '/)
TYPE 306
TYPE 2004
ACCEPT 2005,G (7) ,G () ,G9)
TYPE 2006
rYPE 4137,ICC8SC1),ICCBS-(2)
TYPE 2006
REP=N'
GO TO 3081

6G00 FILTK=FILTR+1
C(5) =SECN(FILTX'
GCS) =SECN(FILTK)
CLOSE(UNlTw3)
CLOSFCUNITs'l)
OPEN(UNITs3,NANEuC,DISPOSEnSAVE' ,TYPE='NEW')
OPEN(tNIT31l,NANEwGDISPOSEu'SAVE' .TYPE-'NEW')
REWIND 2
GO TO 6001

3081 OPFN(UNITUZ.NAMEUP.DISPOSEU'SAVE'bTYPE'*NEW')
OPEN(UNITo.3NAMEuCDISPOSEu'SAVE',TYPF-u'NRW')
OPCN(UNu1.T4.AKE*,DISPOSEU'SAVE',TYPEu'NEW')

C
C ENTER THEt DATA TO BE PROCESSED. IN THIS SITUATION, THE VOLTAGE
C MEASUREMENTS ARE THE X-AXIS DATA AND THE SODIUM CHLORIDE
C STANDARD CALIBRATION CONCENTRAlIONS THE Y-AXIS DATA.
C

1003 TYPE~ 1Q00
1000 FOR*4AVtX,'ENTER THE NUJMBER OF SODIUM CHLORIDE CALZBRATIG~t4

C' CONCENTRATION STANDARDS' ,/)
TfPf 2004
ACCEPT 200QNP

2000 FOPLMAT112)

c MItrt.tY THE INFOMATION USW TO PRERFOR THE CALCUtATIONS IN
c THE DATAX.XXX FILE.

TYPE A137,Icc0S(I)*lC(COSli)
TYPE 2006

3001 EOt~1~4.TENOURA~t " SODIUM LOHAIVE
C CALIDRAtIONg COiWC~t1'IA1ION PTANDAIWS .129~)

TYME 3000
)000 FORNATIX'DIRPOESS REIIJRN KEV AFT9a EWrtRING AVOLT AGE It

C'NEASURFEN?' If/)
TYPE 20"6

C THlE VOLWWZKO INVORM~AION IS AVAIIABLE PROM THE DATA SlIEST
C U$W DURINIG AllN OV? VALIATION.
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TYPE 4000
4000 FORPAT(IX,'ENTER THE DATA POINTS'!

C' SAMPLE NUMBER VOLTAGE SODIUM CHLORIDE'/

C' MEASUREMENT CALIBRATION'/

C' IN VOLTS CONCENTRATION'/

C' (X DATA) (I DATA)'/)
WRITE(2 ,3003)

3003 FORMAT(IX,24X,'SAMPLE NUMBER',18X,'VOLTAGE',23X,'SODIUM CHLORIDE')

WRITE(2,3082)
3082 FORMAT(IX,24X,13X,18X,'MEASUREMENT',19X,'CALIBRATION')

WRITE(2,3083)
3083 FORMAT(IX,24X,13X,18X,'(IN VOLTS)',20X,'CONCENTRATION')

WRITE(2,3084)
3084 FORMAT(IX,24X,13X,18X, ( X DATA ) ',20X. '( Y DATA ) 'I)

LINES=0
DO 5001 I=I,NP
TYPE 4500, I

4500 FORMAT(IH+,T7,112,T20,1H ,$)
ACCEPT-5000, X(I)
CALL CLEAR(LINES)
TYPE 4501, I,X(I)

4501 FORMAT('+',T7,112,T21,1GI3.6,'
ACCEPT 5000, Y(I)
TYPE 306

5000 FORMAT (IGI3.6)
XAS (I) =X(I)
XXAS (1) =X (I)

WRITE(2,5002)I,X(I) ,Y(I)
5002 FORMAT(IX,29X,112,23X,lGI3.6,19X,IGl

3 . 6 )
5001 CONTINUE

C

C ENTER THE DESCRIPTIVE INFORMATION CONCERNING THE SUBJECT, MASK,

C DATE, AND TIME TESTED.
C

TYPE 2006
TYPE 4137,ICCBS(1),ICCBS(2)
TYPE 2006

3077 TYPE 3085
3085 FORMAT(IX,'SUBJECT NAME:',2X,$)

ACCEPT 3086,NAME
3086 FORMAT (45AI)

TYPE 3087
3087 FORMAT(UX,'TYPE OF MASX;',2X,$)

ACCEPT 3086,MASe
TYPE 3088

3088 FORMAT(IX,'DATE TESTEDt',2X,$)
ACCEPT 3089,DATE

3089 FORMAT(45AI)
TYPE 3090

3090 FORMAT(UX,'TIME TESTED:',2X,$)
ACCEPT 3089,TIME
TYPE 2006

3092 FORMAT(12)
TYPE 2006

C
C ENTER ""a' INTEGRATION EXERCISE COUNT DATA FOR THE TEST PROTOCOL.
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C
C THIS INFORMATION IS AVAILABLE FROM THE DATA SHEET
z USED DURING AN RQFT EVALUATION.
C
C
C SELECT THE EXERCISE PROTOCOL.
C

TYPE 2006
TYPE 4137,ICCBS(1),ICCBS(2)
TYPE 2006

4139 TYPE 3127
3127 FORMAT(IX,'THE USER IS FREE TO SELECT ONE OF TWO GROUPS OF'/

C' EXERCISE PROTOCOLS.'//)
TYPE 3128

3128 FORMAT(IX,'THE [GROUP 1] EXERCISE PROTOCOL CONSISTS OF:'//
C' [(] NORMAL BREATHING STRAIGHT AHEAD'/
C' [21 DEEP BREATHING STRAIGHT AHEAD'/
C' [3] TALKING'/
C' [4] SIDE-TO-SIDE HEAD MOVEMENTS (DEEP BREATHING)'/
C' [51 UP-AND-DOWN HEAD MOVEMENTS (DEEP BREATHING)'/
C' [6] FACIAL GRIMACING'///)

TYPE 2006
TYPE 4137,ICCBS(l),ICCBS(2)
TYPE 2006
TYPE 3129

3129 FORMAT(IX,'THE (GROUP 21 EXERCISE PROTOCOL CONSISTS OF:'//
C' (1] NORMAL BREATHING STRAIGHT AHEAd'/
C' [21 NORMAL BREATHING LEFT'/
C' (31 NORMAL BREATHING RIGHT'/
C' 14! NORMAL BREATHING DOWN'/
C' (51 NORMAL BREATHING UP'/
C' [61 DEEP BREATHING STRAIGHT A'IEAD'/
C' (71 DEEP BREATHING LEFT'/
C' [8) DEEP BREATHING RLGHT')

TYPE 3130
3130 FORMAT(IX,'[91 DEEP BREATHING DOWN'/

C' (101 DEEP BREATHING UP'/
C' [11) TALKING'/
C' [121 FACIAL GRIMACING'/
C' [131 SIDE-TO-SIDE HEAD MOVEMENTS (NORMAL BREATHING)'/
C' (14) UP-AND-DOWN HEAD MOVEMENTS (NORMAI. BREATHIK7)W/
C' [153 SIDE-TO-SIDE HEAD MOVEMENTS (DEEP BREATHING)'/
C' (161 UP-AND-DOWN HEAD MOVEMENTS (DEEP BREATHING)'//)

4138 TYPE 2006
TYPE 4137,ICCBS(1),ICCBS(2)TYPE 2006

TYPE 3131
3131 FORMAT(QX,'TO SPECIFY THE EXERCISE PROTOCOL GROUP OF INTEREST,'/

C' TYPE EITHER: GROUP I OR GROUP 2 '1)
TYPE 306
TYPE 3199

3199 FORMAT(1X,'ENTRY m ',S)
ACCEPT 3122,SELECT

3122 FOIRATtI7A1
Cr(SELECT'7).NR,'1'.AND.SELECT(7).NE.'2') GO TO 4138

TYPE 2006
TYPE 4137,ICCDS1)aICCPS(2)
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TYPE 2006
TYPE 3021

3021 FORMAT(IX,'USER ATTENTTON: IF NO EXERCISE COUNT DATA WAS'/
C' COLLECTED FOR A PARTICULAR EXERCISE, TYPE: 000001. ALSO,'/
C' FOR EACH TYPED EXERCISE COUNT DATA ENTRY, SIX DIGITS MUST')

TYPE 3022
3022 FORMAT(IX,'BE TYPED, THAT IS, IF YOU HAVE A SIX DIGIT NUMBER,'/

C' TYPE ALL SIX DIGITS. IF YOU HAVE A FIVE DIGIT NUMBER, TYPE'/
C' ONE LEADING ZERO AND THEN THE FIVE DIGITS. IF YOU HAVE A')

TYPE 3033
3033 FORMAT(' FOUR DIGIT NUMBER, TYPE TWO LEADING ZEROS AND THEN THE'/

C' FOUR DIGITS, ETC. SEVERAL EXAMPLES FOLLOW AS AN ILLUSTRATION')
i ; TYPE 3034

3034 FOR4AT(IX,'FOR EXAMPLE: COUNT DATA=743182 TYPED ENTRY-743182')
TYPE 3035

3035 FORMAT(IX,'FOR EXAMPLE: COUNT DATA=18726 TYPED ENTRY=018726')
TYPE 3036

3036 FORMAT(IX,'FOR EXAMPLE: COUNT DATA-6412 TYPED ENTRYu006412')
TYPE 2006
TYPE 4137,ICCBS(1),ICCBS(2)
TYPE 2006
TYPE 3119

3119 FORMAT(X, 'DEPRESS THE RETURN KEY AFTER ENTERING AN'i
C' INTEGRATOR COUNT'/)

TYPE 2006
TYPE 3037

ý037 FORIAT(lX,'EXERCISE COUNT DATA:'/)
TYPE 3038

3038 FOBMAT(lX,'EXERCISE',29X,'INTEGRATOR',7X,'TIME PERIOD')
TYPE 3126

3126 FORMAT(IX,40X,'COUNT',9X,'(IN SECONDS) '/)
IF(SELECT(7) .EQ. '2') GO TO 3133
TYPE 3039

3039 POR•MAT(IX,'NORMAb BREATHING STRAIGHT AHEAD ,S)
ACCEPT 3040*ICI
CALL CLEAR (LINES)

3040 FOitAT(I6)
TYPE 3112,!C1

3112 FORRAT(IIR'NORMAL BREATHING STRAIGHT AHEAD',T39,16,T59,1H ,$)
ACCEPT 3113,ICTPI

3113 FORMAT(12)
TYPE 3041

3041 FOiOIAT(X, 'DEEP UREAThING STRAIGHT AHRAD ',$)
ACCEPT 3040 ,IC2
CALL CLEARHLINES)
TYPE 3114,1C2

3114 FOFMAT(IH4 'DE9W BREATHING STRAIGHT AHEAD' ,T39,16,T59,
*1)1 ,$)

ACCEP'T 3113,zCTP2
IYPE 3042

3042 FOMAT(IX,'TALKING 'Es)
ACCEPT 3040,1C3
CALL CLEAR(LINES)
TYPE 3115 IC3

3115 VONMAT(IHR*'TALKIN'•',T39.16,T59.IU ,S)
ACCEPT 3113,IdCTP3
TYPE 3043
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3043 FORMAT(IX,'SIDE-TO-SIDE HEAD MOVEMENTS'/'
C' (DEEP BREATHING) ',20X,IH ,$)

ACCEPT 3040,1C4
CALL CLEAR(LINES)
TYPE 3116,IC4

3116 FORtm1AT(IH+,'(DEEP BREATHING) ',T39,16,T59,1H ,$)
ACCEPT 3113,ICTP4
TYPE 3044

3044 FOHAT(IX,'UP-AND-DOWN HEAD MOVEMENTS'/
C' (DEEP BREATHING)',20X,IH ,$)

ACCEPT 3040,IC5
CALL CLEAR(LINES)
TYPE 3116,1C5
ACCEPT 3113,ICTP5
TYPE 3045

3045 FORMAT(lX,'FACIAL GRIMACING',20X,IH ,$)
ACCEPT 3040,IC6
CALL CLEAR(LINES)
TYPE 3117,1C6

3117 FORfiAT(IH+,'FACIAL GRIMACING',T39,16,T59,1H ,$)
ACCEPT 3113,ICTP6
TYPE 2006
TYPE 4137,ICCBS(1) ,ICCBS(2)
TYPE 2006
GO TO 3153

3133 CONTINUE
TYPE 3039
ACCEPT 3040,1C1
CALL CLEAR(LINES)
TYPE 3112,ICI
ACCEPT 3113,ICTP1
TYPE 3134

3134 FORMAT(IX,'NORt4AL BREATHING LEFT Is)
ACCEPT 3040,1C2
CALL CLEAR(LINES)
TYPE 3135,1C2

3135 FORt4AT?(1+,'NORMAL BREATHING LEFT',T39,I6*T59,1H S$)
ACCEPT 3113,ICTP2
TYPE 3136

3136 FOR)¶AT(CX,'NORMAL BREATHING RIGHT '.$)
ACCEPT 3040,1C3
CALL CLEAR(LINES)
TYPE 3137,IC3

3137 FORflAT(01H,'NORVAL BREATIIING IlGfT'lT39,16,T59,1H 5)
ACCEPT 3113,ICTP3
TYPE 1138 0

3138 FORMATtIX,'NORMAL OREATHI NG DOWN 'Is)
ACCEPT 3040,IC4
CALL CLEAR (LINES)
TYPE 31]',IC4

3139 FORMAT t?1I,'NORMAL W.EATHI NG DOWN',T3 ,96,TS9. 1H ,S)
ACCEPT 3113,ICTP4
TYPE 3140

3140 FORMA"(IX,'NORtMAL BREATHING UP it)
ACCEPT 3040oICS
CALL CLEAR (LINES) *1
TYPE 3141,1C0
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3141 FORMAT(1H+,'NORMAL BREATHING UP' ,T39,I6,T59,lH ,$)
ACCEPT 3113,ICT?5
TYPE 3041
ACCEPT 3040,1C6
CALL CLEAR(LINES)
TYPE 3114,1C6
ACCEPT 3113,ICTP6
TYPE 3142

3142 FORMAT(1X,'DEEP BREATHING LEFT .s
ACCEPT 3040,IC7
CALL CLEAR(LINES)
TYPE 3143,IC7

3143 FORI4AT(1H+t'DEEP BREATHING LEFT',T39,16,T59,lH ,$)
ACCEPT 3113,ICTP7
TYPE 3144

3144 FORMAT(1X,'DEEP BREATHING RIGHT s
ACCEPT 3040,IC8
CALL CLEAR(LINES)
TYPE 314S,IC8

3145 FORMAT(1H+,'OEEP BREATHING RIGHT',T39,16,T59,1H,$
ACCEPT 3113,ICTP8
TYPE 3146

3146 FORMAT(1X, 'DEEP BREATHING DOWN 'S
ACCEPT 3040,1C9
CALL CLEAR(LINES)
TYPE 3147,1C9

3147 FORIAT(1H+,'DEEP BREATHING DOWN' ,T39,I6,T59,lH $
ACCEPT 3113,ICTP9
TYPE 3148

3148 FORN4AT(lX,lDEEP BREATHING UP s
ACCEPTr 3040,ICIO
CALL CLEAR(LINES)
TYPE 3149,IC10

3149 FOMIAT(lH+,'OEEP BREATHING UP',T39,I6.T59,lH $S)
ACCEPT 3113,ICTP1O
"TYPE 3042
ACCEPT 3040tIC11
CALL CLEAR(LINES)
TYPE 3115,W1M
ACCEPT 3113,ICTP11
TYPE 3045
ACCEPT 30404IC12
CALL CLEARMINES)
TYPE 3117,1C12
ACCEPT 3113,ICTrPl2
TYPE 3150

3150 FORMAT(1X,18IDE-TO0-SIDE HEAD I4OVEA4ENTS'/
Cl (NORMIAL BREATMING) 'S
ACCEPT 3040,1C13
CALL, CLEARCLINES)
TYPE 3151 ,1C13

3151 FOW~ATtlH$,'(NOId4AL BREATIHING) ,T39,16,TS9,11H 6S)
ACCEPT 3113,ICTP13
TYPE 3152

3152 POIM*AT(lX,'UP-AND-DOWN HEAD MOVEM4ENTS*/
C' (NOPlAAL BREATHING) '5
ACCEPT 3O40aIC14
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CALL CLEAR(LINES)
TYPE 3151,IC14
ACCEPT 3113,ICTP14
TYPE 3043
ACCEPT 3040,IC1S
CALL CLEAR(LINES)
TYPE 3116,IC15
ACCEPT 3113,ICTP15
TYPE 3044
ACCEPT 3040,tC16
CALL CLEAR(LINES)
TYPE 3116,1C16
ACCEPT 3113,ICTP16
TYPE 2006
TYPE 4137,ICCBS(l) ,ICCBS(2)

3153 TYPE 2006
WRITE(2,2 006)
WRITE(2,3046) NAME

3046 1F0R4AT(6, 'SUBJECT NAME: ',2X,45A1)
WRITE(2,3047)MASK

3047 F0RMAT'(6X,lTYPE OF MASKz',2X,45Al)
WRITE(2,3048)DATE

3048 FOPI4AT(6X,'DATE TESTED :',2X,45AI)
WRITE(2,3049)TIME

3049 FORMAT(6X,'TIt4E TESTED :',2X,45AI)
WRITE(2,2006)
WRITE(2,9006)

9006 FO!MAT(6X,'EXERCISFE INTEG3RATOR COUNT DATAt'/)
WRITE(2,3094)

3094 FORMAT(6X, 'EXERCISE',29X,'INTEGRATOR COUNT',7X,ITIME PERIOD')
WRITE(2,3120)

3120 FORMAT(6X,8X,29X,16X,7X,l(IN SECONDS) ',/)
IF(SELECT(7 .EQ. '2') GO TO 3154
XClwIC1
XC2-IC2
X03u1C3
XC4mIC4

XC6uIC6
IC(1)wXC1
IC(2)aXC2
IC (3) uXC3
IC(4)oXC4
.IC(5)OKCB
IC(6) uXC6
ICTPtl) UICTrl
ICTP (2) ICTP2
ICTP(3) -ICTP3
XCTP(4) uICTP4
ICTP (5) ulCTP5
ICTP (6) - ICTP6
WRITE(2,3051) IC1,ICTP1

3051 FOIU4ATM6,'NORMAL BREATHING STRAIGHT AJIEADf',11Xa6,17X.,12)
wRITE(2,3052)ic2,ICTP2
WRITE(2, 3053) 1C3,lCTP3

3052 FORMAT(6WDEEP PREATHING STRAIGHT AHSAD',13X,16,17XI2)
3053 FORMAT(6X,'TALICING',35X,16,17X,12)
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WRITE(2,3054) 1C4,ICTP4
3054 FORMAT(6X,'SIDE-TO-SIDE HEAD MOVEMENTS'/

Cl (DEEP BREATHING) ',26X,I6,17X,I2)
WRITE(2,3055) 1C5,ICTP5

3055 FORMAT(6X, 'UP-AND-DOWN HEAD MOVEMENTS'/
C# (DEEP BREATHING) ',26X,I6,17X,12)

WRITE(2,3056) 1C6..ICTP6
3056 FORMAT(6X,'FACIAL GRIKACINGI,26X,I6,17X,12//)

314GO TO 3155
314CONTINUE

XCI=Ic1
XC2'-IC2
XC 3=1C3
XC4mIC4
XC5=IC5
XC6i-1C6
XC7-IC7
XC8u 1C8

XC9=1C9

xC13UIC13
XC12=1C12
XC15uIC1S
XC14=1C16

IC(1)"XC1
IC(2) uXC2
IC(3) 'XC3
IC(4) .XC4
IC(5)wxC5
Ic(6) mxC6
IC(7) uKC7
IC(8)uxC8
ICC9) mXC9

IC( 12) uXCI2
IC(13)mXCA3.
IC14)0C100 4
IC 15) uxcls
IC(16) mXCI6
I CTP (1) a uTTP I
iCTP(2)mICTP2
ICTIP (3) mICTP3
ICTP (4) a ICTP4
lCTP (S) lTP
ICTP(6)muWP6
ICTP (7) a 1CTP
lCTP(9) .1CTP9

lCTPC1 I)*uIT?11

ICTP Q 3) w I~rP 13
lCTP(14)t.ZCTP1S
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1CTP(16) =ICTP16
WRITE(2,3051) IC1,ICTP1
WRITE(2,3156) 1C2..ICTP2

3156 FORMAT(6X, 'NORMAL BREATHING LEFT',21X,16,17X,I2)
WRITE(2,3157) 1C3,ICTP3

3157 FORMAT(6X, 'NORMAL BREATHING RIGHT',20X,I6,17X,I2)
WRITE (2,3158)1C4,ICTP4

3158 FORMAT(6X,'NORI4AL BREATHING DOWN' ,21X,16,17X,I2)
3159 FORMAT(6X,'NORMAL BREATHING UP' ,23X,I6,17X,12)

WRITEC2,3159)ICS,ICTP5
WRITE(2,3052) 1C6,ICTP6
WRITE(2,316O) 1C7,ICTP7

3160 FORMAT(6X,'DEEP BREATHING LEFT',21X,I6,17X,I2)
WRITE(2,3161) 1C8, ICTP8

3161 FORMAT(6X,'DEEP BREATHING RIGHT' 22X,I6,17X,I2)
WR:TE(2,3162) 1C9, ICTP9

3162 FORMA'r(6X,'DEEP BREATHING DOWN',23X, I6,17X,I2)
WRITE(2,3163) 1C10,ICTPIO

3163 FORMAT(6X,'DEEP BREATHING UP' ,25X,I6,17X,I2)
WRITE(2,3053) IC11,ICTP1I
WRITE(2,3164) 1C12,ICTP12

3164 FORMAT(6X,'FACIAL GRIMACING',26X,16,17X,12)
WRITE(2,3165) 1C13,ICTP13

3165 FORMAT(6WSIDE-TO-SIDE HEAD MOVEMENTS'/
C' (NORMAL BREATHING)',24X,I6,17X,12)
WRITE(2,3166) 1C14,ICTP14

3166 FORMAT(6X, UP-AND-DOWN HEAD MOVEMENTS '/
C' (NORMAL BREATHING) ',24X,16,17X,12)
WRITE(2,3054) 1C15,ICTP15
WRITE(2,3055) 1C16,ICTP16

3155 REPs'N'
3888 IF(REP.EQ.NO) GO TO 3999

GO TO 9983

C CALCULATE THE AVERAGE PHOTOMULTIPLIER TUBE OUTPUT VOLTAGE FOR
C EACH EXERCISE
C

3999 CONTINUF
IF(SELRCT(7) .EQ. #2#) GO TO 3167
DO 3093 1-1,6

3093 CONTINUE
GO TO 3168

3167 CONTINUE
DO 3169 1*.146
IC( I)mIC(I)/(1OGG.0*IcTP(I))

3169 CONTINUE
3168 CONTINUE

WND PILE 2
9983 CONTrINUE

REWIND 2
6001 READ (2,2006)

READ(2,3001)NP

c AFTER ALL PERTINENT INFORM~ATION IS ERTERM) INTO Tilt DATA.XXX FILE,

c TiltPILE IS RLWOUNO AND 114E POINT"R MOVED TO READ 'iIIE DATA NE&1)EJ



-- APPENDIX A--

C TO CALCULATE THE LEAST-SQUARES POLYNOMIAL FUNCTION.
C

READ (2,2006)
READf(2,3003)
READ (2,3082)
READ(2,3083)
READ (2,3084)

C
C TO MAKE THE LEAST-SQUARES POLYNOMIAL CURVE FIT ROUTINE AS
C FLEXIBLE AS POSSIBLE, THE USER CAN SELECT A VARIETY OF
C FUNCTIONAL DEFINITIONS FOR THE VARIABLE (X).
c

2013 TYPE 2006
TYPE 4137,ICCBS(l),ICCBS(2)
TYPE 2006
TYPE 2009

2009 FORMAT(IX,'THE USER IS FREE TO SELECT ANY ONE OF THE FOLLOWING'/
C' FUNCTIONAL DEFINITIONS OF THE VARIABLE (X).-/)

TYPE 306
TYPE 2010

2010 FORMAT(1X,'(1] (X) '/
C' (2] 1/(X)'/
C' (3] EXPONENTIAL (X) 'I
C' (41 EXPONENTIAL (-X) '/
C' [51 EXPONENTIAL (1/X)'/
C' (6) EXPONENTIAL (-I/X) '/
C' (71 NATURAL LOG (X)'/
C' (81 LOG BASE TEN (X)'/
C' (9) SIN (X)'/)

TYPE 306
TYPE 2011

2011 FOPR1AT(lX,'TO SPECIFY A FUNCTIONAL DEFINITION OF (XW, SELECT'/
C' THE CORRESPONDING NUMBER INSIDE THE BRAChZTS'/)

TYPE 306
TYPE 2004
ACCEPT 2012,IAX

2012 FORMAT(111)
TYPE 2006
TYPE 4137,ICCBS(1') ,CCBS(2)
TYPE 2006
!F(IAX.GT.0.AND.IAX.tT.10) GO TO 2014
GO TO 2013

C
Q D UDLE PRECISION CALCULATIONS ARE HIADE TO RESOLVE PROBLEMS
S JENCOUNTERED WHEN DEALING WITH DATA THAI RANGES OVER SEVERAL

C ORDERS OF MAGNITUDE.
C
C
c TIH FOL LOWING 'DO LOOP' CALCUIIATES AN EOVIVALENT VALUE
C FOR THE (XW VARIABLES BASMD ON TiE SELECTED FUNCTIONAL
C DEFINITION.

2014 DO 300 lllNPK,,! t

READ(2,*50021K,,X(K) ,YCK)W A"(AX.90.1 ) X(I) ",(Z )

IF(ZAX.FO.2) X(I)1.O/Xt(Z)
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IF(IAX.EQ.3) X(I)-DEXP(X(l))

IF(IAX.EQ.9) X(I)wD-DSIN(X(I))
IF(IAX.EQ.7) X (I) =DEG(-X (I) )
IF(IAX.EQ.5) X(I)-DENXp(l./x)f
IF(IAX.EQ.6) X(I)sDEXP(-1OX(I))

300 CONTINUE
IF(REP.EQ.YES) GO TO 977*1
GO TO 9888

9777 READ(2,2006)
READ(2,3046) NAME
READ(2,3047) MASK
READ (2,3048) DATE
READ (2,3049) TIME
READ(2,2 006)
REAI (2 ,90 06)
READ(2,3094)
READ (2, 3120)
IF(SELECT(7) .EQ. '2') GO TO 3170
READ(2,3051) Ic1,IcTp1
READ(2,3052) IC2,ICTP2
READ(2,3053) IC3,ICTP3
READ(2,30S4) 1C4,ICTP4
READ(2,3055) IC5,ICTP5
REM (2,3056) 1C6,ICTP6
xc1aICl
XC2wIC2
XC3wIC3
XC 4. C4
XCSN1CS
XC6m* C6
IC (1)w~xC1
ICC? )uXC2
IC(3) uXC3
IC(4)wxC4

.C 6).r.XC6
ICTP (1) ICTPI
ICTP(2) *ICTP2
ICTP(3) sICP3
ICTP(4)u1CTP4
ICTP(5) .ICTPS
ICTP (6) wICT?6
DO 9417 1.1,6
?c(LwcI).C1)(l0o.o*xC~rp(I))

9417 CONTINUE
GO TO 3171

3170 Rem (2,3051)xC1,rCTP1REAl)(2,3 1S6)IC2,IC¶'P2
RIFAD(2t31S7)zC),aCTP3
REM (2 #3158) 1C4, ICTP4
R M (2,3159) ICS,ICpS
READ(2,30S2) Ic6, IC'p6
ReAl)2,3160) C74CP7
RA M(2,3160)1Calxcrpq
READ(l,3162)1C0, IcTp9

78



--APPENDIX A--

READ(2,3163) IC1O,ICTP1O
READ(2,3O53) ICl1,ICTPlJ.
READ(2,3164) 1C12,ICTP12
READ(2t3l65) 1C13,ICTP13
READ(2,3166) 1C14 ,ICTP14
READ(2,3054) 1C15,ICTP15
READ(2,3055) 1C16,ICTP16
XC 1=IC 1
XC2-IC2
XC3 Ic 3
XC4-IC4
XC5.1c5

XC7wIC7

* ~XC9u 1C9
xc1OuIC1Q
XC11-ICII
XC12-ICI-2

XC13-IC13

XC16-xcl16

lCTP(VmT~CTP2
ICTP (3) "ICTP3

ICTP(4) uICTP4
ICMS') UICTPS
ICTP (6) .!TP6
ICTP(7) mICTP".
ICTP(S) .ICTPO
ICI'P(9)azCTP9
lCTPQ1O)*lCTPlO

ICTP(12VuxCTP12
?CTP(13[-ICTP13
It'P(M1) ICTP'14

ICTP(1S)mICTP1S

let 1) XCI
IC(2)*XC2
IC (I)-XC 3
IC (4) uXC4

ICC 7)ox~
ICC 6)-XCO
1U(9) UXC9

ICtIllv-Xcii

IC(12)*XC12

IC0k$)OXCIS

Do) 3172 1-1.k16
IC I1CM0 Z)/C1o0o.o'ztM J))
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3172 CONTINUE
3171 CONTINUE

REWIND 2
9888 TYPE 2006
306 FOT44AT(1X,''1

C
C THE USER NCW SELECTS THE ORDER OF THE POLYNOMIAL CURVE
C FIT EQUATION. THE MAXIMUM ORDER IS ONE LESS THAN THE
C NUMBER OF WX DATA VALUES.
C

TYPE 2006
TYPE 4137,ICCBS(l) ,ICCBS(2)
TYPE 2006
TYPE 301

301 FORI4AT(1XENTER THE ORDER OF THE DESIRED POLYNOMIAL'/)
TYPE 306
TYPE 302

302 FQiRIAT(1X,'(MAXIMUM - THE NUMBER OF SODIUM CHLORIDE'/
Co CALIBRATION CONCENTRATION STANDARDS -1)'/)

TYPE 306
TYPE 2004
ACCEPT 303,M

303 FORMAT(12)
TYPE 2006
TYPE 4137,ICCUS(l),ICCBSC2)
TYPE 2006
DO 403 JKu1,14
W(JK-1) uO.0

403 CONTINUE

DOE 400X AUD2*

40 ONTIUE (.)1

40 OTINUAE hoD

Do 500I%1#80
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C E MATRIX MINUS THE NTH COLUM~N AND THE LAST ROW..
C

Do 50 N-1,M+I
DO 30 I1=l,M+1
Do 30 Jl=1,M+2
D(I1,.Jl) B(I1,J1)

30 CONTINUE
DO 40 K=1,M
IF(N-K) 35 .35 33

33 Lwl
GO TO 37

35 L=2
37 DO 31 IýI,M+1-K

DO 31 3.1 ,M+3-K
E(I,J)-(D(I,J)jD(I,L))¶)(1+1,L)-D(I+1,J)

31 CONTINUE
C
c THE COEFFICIENTS FOR THE POLYNOMIAL LEAST-SQUARES CURVE; FIT EQUATION
c ARE CONTAINED IN THE #'MN)' ARRAY.
C

DO 40 Iwl,M+1-K
DO 40, J'I,M+2-K
IF(J .GE. L) GO TO 45
D(1 ,J) .E(I,J)
GO TO 4 0

,40 CONTINUE
AtN)uD(1#2)/O(1,'L)

50 CONTINUE
WRITEC3 ,2007)
WR ITE (3,S 1) N

c OUTPUT~ THE CALCULATED fINFOMIATION INTO THE CALCX.XXX FILE.

31 FORMAT(MX24X, 'TtIE ORDER OF THE DESIMSMP ~OIL Z
RIUTE0, 2006)

WBITEt3 ,2OO6?
1F(1Ax.FQ.l) 0O TO S2
I AX.'V-Q.2) 00 TO $1

WrIAX.VQ.1) GO TO 54
IMtAX.C,0.4) CO TO SS

!~tAX. GO~ 00TO 56
I FtI AX ,EQ. 6) GO TO 17
Wt1AX.-Q.7) WO TO 58
If CAX.E0.8) GO TO 59
?IffAX.9Q.9) GO ?TO 40

52 witI E (1 )
61 F WATC1.IX,2X.'?th I YNOMI1P4 FOW&TIOW'L DEVtI~tIOll CW THE

c VARIABLE ix) Is IN ?Ewm t N)
qO TO 89

£2POWAhIXt,24)iTHE MYNOKIAL FUNCTIONAL DEPINITION OT TOEI
c VAR1&t.I~f W. W 1k TEMS ;VD t Clix),'I/)
Go TO as

A4 W'AiTE(3#63)
63 M, $MT X2x Tl LYN~IC.t1AL F',itrV3Ql. DEMM~tON or THE
C VARIUA41. W) is IN TemsJ cwt ~inpolgwIl& it)) W'?)

m87



-- APPENDIX A--

GO TO 89
55 WRITE(3,64)
64 FORMAT(IX,24X,'THE POLYNOMIAL FUNCTIONAL DEFINITION C-' THE

C VARIABLE WX) IS IN TERMS OF: (EXPONENTIAL (-X))'///)
GO TO 89

56 WRITE(3,65)
65 FORMAT(IX,244,'THE POLYNOMIAL FUNCTIONAL DEFINITION OF THE

C VARIABLE WX) IS IN TERMS OF: (EXPONENTIAL (I/X))l/I/)
GO TO 89

57 WRITE(3,66)
66 FORMAT(IX,24X,'THE POLYNOMIAL FUNCTIONAL DEFINITION OF THE

C VARIABLE WX) IS IN TERMS OF: (EXPONENTIAL (-I/X))'///)
GO TO 89

58 WRITE(3,67)
67 FORMAT(iX,24X,'THE POLYNOMIAL FUNCTIONAL DEFINITION OF THE

C VARIABLE WX) IS IN TERMS OF: (NATURAL TOG WX)'/i)
GO TO 89

59 WRITE(3,68)
68 FORMAT(QX,24X, 'THE POLYNOMIAL FUNCTIONAL DEFINITION OF THE

C VARIABLE WX) IS IN TERMS OF: (LOG 8ASE TEN (X)'///)
GO TO 89

60 WRITE(3,69)
69 FORMAT(IX,24X,'THE POLYNOMIAL FUNCTIONAL DEFINITION OF THE

C VARIABLE MX) IS IN TER.S. OF: (SIN (X))'///)
GO TO 89

89 CONTINUE
DO 90 101,M+1
TYPE 70,I,A(I)

71 FORMAT(AX,24X,'COEFPICIENT NUMBER',13,'" 'IPEIS.5)
70 FORMAT(X, 'COEFFICIENT NUMBER',I,3u *,.IPE15.5)

WR7TEf3,71)I,AQI)
90 CONTINUE

TYpt 2006
TYPE 4137,ICC8l•(V)tICCaS(2)
TYPE 2006
TYPE 20046

16 TYPE 19,
19 FOMA}r1XDO YOU WANT A LIST OF RESIDUALS ?4/
V' CANIVI& YES OR NO) t,2X,$)

ACWET 1002,MO.'ttEN
_YPE, Zo")

ifomm-4 .Q. vns) wO -fo 18
IF(CCOWN NO180) GO TO 17
TCk'0M*$ ft. Y"$ AND. CONMEN KIE. NO) GO TO 16
TY1E 2006
Tyft4C1~~ ZCS~
?Yft'1 0046

is NPIT913,200?)
WRITE (3 ,2)

23 FORHA1 IX,20, 'Tfih RESIDUALS ARE CALCUtATED UY THE FOLLOWING#)
WR tTr OA 3)

13 PO(ATAIE.4,UATIOR: tY(t)TA) -Y(CESTINATE) I 'W/)

WRII'C3 .24)
24 ftWIA•NITIX, 'SAMPLE RU ER,171, ATA* ,23 (ES1IMATW)'.

CM~, RESIDloAu"C.•

%I
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C THE RESIDUALS ARE CALCULATED USING THE POLYNOMIAL CURVE
C FIT EQUATION AND THE ORIGINAL DATA.
C

SUMRES=0.0
DO 15 K=1,NP
THEORY-0,0
DO 21 I=1,M+1
IF(I .EQ. 1 .AND. X(K) .EQ. 0.0) GO TO 20
THEORY=A(I) *X(K) **(I-l) +THEORY
GO TO 21

20 THEORY=A(I)*1.0**(I-l.)+THEORY
21 CONTINUE

C
C CALCULATE THE SUM OF THE SQUARES RESIDUAL.
C

"RESID=Y(N) -THEORY
SRESD=l!.oI[ *RESID
SUMRES=. . SUMRES
TYPE 10,K,'-.,SlD

10 FORMAT(1X,'SAMPLE NUMBER ',13,12X,'RESIDUAL= ',1PE15.5)
WRITE(3,22)K,Y(K) ,THEORY,RESID

22 FORMAT(1X,23X,12,20X,IG13.6,18X,1G13.6,16X,1G13.6)
15 CONTINUE

TYPE 2006
TYPE 72,SUMRES

72 FORMAT(1X,'SUM OF THE SQUARE RESIDUALS- 'rlPE15.5)
TYPE 2007
WRITE(3,2007)
WRITE(3 ,73) SUMRES

73 FORMAT(IX,24X,'SUM OF THE SQUARE RESIDUALS- ',IPEI5.5)
17 CONTINUE

C
C CALCULATE INDIVIDUAL EXERCISE PROTECTION FACTORS
C
C
C NOTE: SINCE THE LEAK MEASURING SENSITIVITY OF THE SODIUM
C CHLORIDE ROFT INSTRUMENT IS ONE PART IN TEN TO THE
C SIXTH, ANY EXERCISE SCALED INTEGRATOR COUNT VALUE
C YIELDING A PF GREATER THAN 1.0E+06, WILL BE
C REPORTED AS 1.OE+06. REPORTING A MASK LEAKAGE GREATER
C THAN 1.0E+06 WOULD BE ERRONEOUS. ANY EXERCISE SCALED
C INTEGRATOR COUNT VALUE YIELDING A PROTECTION FACTOR
C GREATER THAN 1.0 WILL BE REPORTED AS 1.OE+00.
C

TYPE 2006
TYPE 4137,ICCBS(l),ICCBS(2)
TYPE 2006

IF(SELECT(7) .EQ. '2') GO TO 31A3
IDL=6
IDLP=7
GO TO 3174

3173 CONTINUE
IDL-16
IDLP 17

3174 CONTIN' E
PFEST% J.0
DO 9173 I=1,IDL
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PF (1)=0. 0
9173 CONTINUE

CALCPF=0 .0
DO 3057 I=1,IDL
IF(IC(I).LE.XXAS(7)) GO TO 9227
IF(IC(I).GE.XXAS(I)) GO TO 4136
IF(IAX.EQ.1) PFEST=IC(I)
IF(IAX.F.Q.2) PFEST=1.0/IC(I)
IF(IAX.EQ.3) PFEST=DEXP(IC(I))
IF(IAX.EQ.4) PFEST=DEXP(-IC(I))
IF(IAX.EQ.S) PFEST=DEXP(1.0/IC(I),
IF(IAX.EQ.6) PFEST=DEXP(-1.0/IC(I))
IF(IAX.EQ.7) PF EST=DLDG (IC(I) )
IF(IAX.EQ.8) PPEST=DLOGIO(IC(I))
IF(IAX.EQ.9) PFEST=DSIN(IC(I))
CALCPF=0.0
GO TO 9228

9227 CALCPF=0.000001
GO TO 3058

4136 CALCPF=0.0
GO TO 3058

9228 DO 3058 J=1,M+l
IF(J.8Q.1.AND.PFEST.EQ.0.0) GO TO 3059
CALCPF=A(J) *PFEST**(J..1)+CALCPF
GO TO 3058

3059 CALCPF=A(J) *1.0**(J.1) +CALCPF
3058 CONTINUE

C
C BY DEFINITION, THE PROTECTION FACTOR (PF) IS:
C
C PF = (CHALLENGE ATMOSPHERE CONCENTRATION) /(MASK LEAK CONCENTRATION)
C
C

IF(CALCPF.NE.0.0) GO TO 4135
PF(I)=0.0
GO TO 3057

4135 PF(I)=1.0/CALCPF
PE (I ) =. 0/CALCPF

3057 CONTINUE
C
C CALCULATE AN OVERALL ARITHMETIC AVERAGE PROTECTION FACTORl FOR ALL
C EXERCISES.
C

KOUNT=O
PFSUM= 0.0
rDO 3060 MT=1,.IDL
KOUNT=KOUNr i

PFSM-F.ýrl,4 PF(MT)

3060 CONT INUrý
PF(CIDLP) =PFSUM/KOUN

C CALCULATE A\N OVERALL TIME WEIGHTED AVERAGE PROTECTION FACTOR~
C FOR ALL UXERCISES.
C

WPF=O.0
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KKOUNT=0
PPSUM=0 .0
DO 3194 IMT=1,IDL
KKOUNT=KKOUNT + ICTP(IMT)
PPSUM=PPSUM + (PF(IMT)*ICTP(IMT))

3194 CONTINUE
WPF=PPSUM/KKOUNT
WRITE(3,3061)

3061 FORMAT(1H1)
WRITE(3,3062)

3062 FORMAT(6X,'THE DESCRIPTIVE AND PROTECTION FACTOR CALCULATIONS:'/)
WRITE(3,9542)

9542 FORMAT(6X,'NOTE: ANY PROTECTION FACTOR THAT IS LISTED AS'/

C' 1.OE+06 HAS BEEN ASSIGNED THIS VALUE BY DEFAULT'!
C' BECAUSE THE SENSITIVITY OF THIS RQFT INSTRUMENT IS'/
C' AT MOST ONE PART IN TEN TO THE SIXTH. THE INTEGRATOR'!
C' COUNT VALUE FOR A PARTICULAR EXERCISE IN QUESTION!
SC' IS MERELY REPRESENTATIVE OF INTEGRATING THE ELECTRICAL'/
C' NOISE AND THE TRUE PROTECTION FACTOR IS INDEED LESS')

WRITE(3,9543)
9543 FORMAT(6X,'THAN 1.OE+06. ANY EXERCISE SCALED INTEGRATOR'/

C' COUNT VALUE YIELDING A PROTECTION FACTOR GREATER'!
C' THAN 1.0 WILL BE REPORTED AS 0.OE-01.'//)

WRITE(3,3176)
3176 FORMAT(IX,' '//)

TYPE 3062

TYPE 2006
TYPE 9542
TYPE 954"
TYPE 20CO
TYPE 413',:CCBS(I) ,ICCBS(2)
TYPE 2006
WRITE(3,3046)NAME

WRITE(3,3047)MASK

WRITE(3,3048)DATE
WRITE(3 ,3049)TIME
WRITE(3,3176)
TYPE 3046,NAME
TYPE 3047,MASK
TYPE 3048,DATE
TYPE 3049,TIME
TYPE 2.006
TYPE 4137,ICCBS(1) ,ICCBS(2)
TYPE 2006
WRITE(3 ,3063)
TYPE 3063

3063 FORMAT(6X,'EXERCISE',29X,'PROTECTION FACTOR'!)
IF(SELECT(7) .EQ. '2') GO TO 3175
WRITE(3,3064) PF(1)
TYPE 3064,PF(l)

3064 FORMAT(6X,'NORMAL BREATHING STRAIGHT AHEAD',6X,IPE12.1)

WRITE(3,3065) PF(2)
TYPE 3065,PF(2)

3065 FORMAT(6X,'DEEP BREATHING STRAIGHT AHEAD',SX,IPE12.1)
",RITE(3,3066) PF(3)
TYPE 3066,PF(3)

3066 FORMAT(6X,'TALKING',30X,lPE12.1)
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WRITE(3,3067) PF(4)
TYPE 3067,PFC4)

3067 FORMAT(6X, 'SIDE-TO-SIDE HEAD MOVEMENTS'!
C' (DEEP BREATHING) ',21X,1PE12.1)
WRITE(3,3068) PF(5)
TYPE 3068,PF(5)

3068 FORMAT(6X,'UP-AND-DOWN HEAD MOVEMENTS'/
C' (DEEP BREATHING) ',21X,lPE12.1)
WRITE(3,3069) PF(6)
TYPE 3069,PF(6)

3069 FORMAT(6X,'FACIAL C~RIMACING',21X,lPE12.1////)
WRITE(3,3070) PF(7)
TYPE 307O,PF(-7)

3070 FORMAT(lH0,5X,'OVERALL ARITHMETIC AVERAGE PROTECTION FACTOR 1/
C' FOR ALL CATEGORIES OF EXERCISES ACTUALLY PERFORMED=
C,I1PE 8.1)
TYPE 2006
WRITE(3 ,2006)
TYPE 3195,WPF
WRITE(3..3195) WPF

3195 FORMAT (IH0,5X ,'OVERALL TIME WEIGHTED AVERAGE PROTECTION FACTOR '
C' FOR ALL CATEG3ORIES OF EXERCISES ACTUALLY PERFORMED
C, 1PE8.1)

GO TO 3177
3175 CONTINUE

WRITE(3,3178)PF(1)
TYPE 3178,PF(l)

3178 FORMAT(6X,'NORMAL BREATHING STRAIGHT AHEAD',8X,1PE12.1)
WRITE(3 ,3179)PF(2)
TYPE 3179,PF(2)

3179 FORMAT(6, 'NORMAL BREATHING LEFT',18X,1PE12.1)
WRITE(3,3180)PF(3)
TYPE 3180,PF(3)

3180 FORMAT(6X, 'NORMAL BREATHING RIGHT',17X,1PE12.1)
WRITE(3 ,3181) PF(4)
TYPE 3181,PF(4)

3181 FORMAT(6X, 'NORMAL BREATHING DOWN' ,18X,lPE12.1)
WRITE(3 ,3182)PF (5)
"TYPE 3182,PF(S)

3182 FOR~MAT6M, 'NORMAL BREATHING UP' ,20X,1PE12.1)
WRITE(3 ,3183) PF(6)
TYPE 3183,PF(6)

3183 FORMAT(6X,'DEEP BREATHING STRAIGHT AHEAD',1OX,IPE12.1)
WRITE(3,3184) PF(7)
TYPE 3184,PF(7)

3184 FORMAT(6X,'DEEP BREATHING LEFT',20X,lPE12.1)
WRITE (3 ,3185) PP (
TYPE 3185,PF(8)

3185 FORMAT(6X, 'DEEP BREATHING RIGHT',19X,IPE12.1)
WRITE(3,3186) PF(9)
TxPE 3186,PF(9)

3186 FORMAT(6X,'DEEP BREATHING DOWN' ,20X,1PE12.1)
WRITE(3,3187) PF(10)
TYPE 3187,PF(10)

k, 3187 FORMAT(6X,'DEEP BREATHING UP',22X,IPE12.1)
WRITE(3,3188)PF(11)
TYPE 3188,PF(11)

AA
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3188 FORMAT(6X,'TALKING',32X.1PE12.1)
WRITE(3,3189)PF(12)
TYPE 3189,PF(12)

3189 FORMAT(6X,'FACIAL GRIMACING',23X,1PE12.1)
WRITE (3 ,3190) PF (13)
TYPE 3190,PF(13)

3190 FORMAT(6X,lSIOE-TO-SIDE HEAD MOVEMENTS'/
C' (NORMAL BREATHING) ',21X,1PE12.1)
WRITE(3 ,3191)PF(14)
TYPE 3191,PF(14)

3191 FORMAT(6X, 'UP-AND-DOWN HEAD MOVEMENTS'/
C' (NORMAL BREATHING)',21X,IPE12.1)
WRITE(3,3192)PF(I5)
TYPE 3192,PF(15)

3192 FORMAT(6X,'SIDE-TO-SIDE HEAD MOVEMENTS'/
C' (DEEP BREATHING)',23X,IPE12.1)
WRITE(3,3193)PF(16)
TYPE 3193,PF(16)

3193 FORMAT(6X,'UP-AND-DOWN HEAD MOVEMENTS'/
C' (DEEP BREATHING) ',23X,lPE12.1////)
WRITE(3 ,3070) PF(IDLP)
TYPE 3070,PF(IDLP)
TYPE 2006
WRITE(3 ,3176)
TYPE 3195,WPF
WRITE(3,3195)WPF

3177 CONTINUE
TYPE 2006
TYPE 4137,ICCBS(1),ICCBS(2)
TYPE 2006

C
C FORM THE ARRAYS FOR PLOTTING PURPOSES AND LOAD THEM INTO THE
C FILE CALLED GRPHX.XXX.
C
C
C FIND THE MINIMUM AND MAXIMUM OF THE (X) DATA VALUES
C AND FORM A DELTA ELEMENT SO THAT INTERMEDIATr VALUES
C CAN BE CALCULATED USING THE POLYNOMIAL CURVE FIT EQUATION.
C

TYPE 3061
DO 2 Iu1,NP
GRPH1(I)-XXAS(l)

2 CONTINUE
Nl=NP-1
DO 8 I*1,N1

DO 8 Jwt1,NP
IF(XAS(J).GE.XAS(I)) GO TO 8
XSAVE-XAS(I)
XAS(I)uXAS(J)
XAS(3) uXSAVE

8 CONTINUE
XMIN-XAS (1)AT XMAXwXAS (NP)
DEL. (XMAX-XM IN) /400.0
XXX=XMIN-DEL
DO 7 KA-1,401
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XXX=XXX + DEL
XX(KA) =XXX
xxxx~Ixxx
IF(IAX.EQ.1) XEST=XXXX
IE'(IAX.EQ.2) .XEST=1.0/XXXX
IF(IAX.EQ.3) XEST=DEXP(XXXX)
IF(IAX.EQ.4) XEST=DEXP(-XXXX)
IF(IAX.EQ.5) XEST=DEXP(1.0/XXXX)
IF(IAX.EQ.6) XEST-DEXP(-1.0/XXXX)
IF(IAX.EQ.7) XEST-DLOG(XXXX)
IF(IAX.EQ.8) XEST=DLOGIO(XXXX)
IF(IAX.EQ.9) XEST=DSIN(XXXX)
BEGIN=0.0
DO 6 KB-1,M+l
IF(KB.EQ.1.AND.XEST.EQ.O.0) GO TO 5
BEGIN=A(KB) *XEST**(KB..1) +BEGIN
GO TO 6

5 BEGIN=A(KB) *10**(KB..1) +BEGIN
6 CONTINUE

YY(KA) =BEGIN
7 CONTINUE
DO 4 I=1,401
GRPH2(I)-XX(I)

4 CONTINUE
DO 3 I-1,401
GRPH2(I+401) =YY(I)

3 CONTINUE
DO 1 Idl,NP
GRPH1(I+NP)aYU,)

1 CONTINUE
C
C OUTPUT THE INFORMATION THAT CAN BE USED~ FOR GENERATING A
C CALIBRATION PLOT INTO THE FILE CALLED GRPHX.XXX.
C

WRITE (1 .2007)
WRITE(] .9)

9 FORMATU1X,24WTHE ARRAYS FOR PLOTTING'///)
WRITF.(1 ,2007)
WRITE(1,3006)

3006 FORMAT(lX,24X,'GRPHI ARRAY CONTAINS THE SODIUM CHLORIDE
C CALIBRATION STANDARD DATA'///)
WRITE(1,3004)

3004 FORMAT(1X,24X,'SAMPLE NUMBER',19X,'VALUE'/)
DO 34 Iul,NP*2
WRITE(1,3005) I,GRPH1(I)

3005 FORMAT(1X,28X,13,22X,lG13.&)
34 CONTINUE

WRITE(1,2007)
WRITE(1,3007)

3007 FORMAT(lX,24X,IGRPH2 ARRAY CONTAINS THE ESTIMATED VALUES'///)
WRITE(1 .3004)
DO 32 1=1,802
WRITE(1 .3005) I,GRPH2(I)

32 CONTINUE
29 TYPE 2006

TYPE 4137,ICCBS(l),ICCBS(2)
TYPF 2006
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TYPE 27
27 FORMAT(IX,'DO YOU WISH TO USE THE SAME SODIUM CHLORIDE STANDARD'/

C' CALIBRATION VOLTAGE MEASUREMENTS AND EXERCISE INTEGRATOR COUNT'/
C' DATA BUT CALCULATE A DIFFERENT DEGREE OR FORM OF THE'/
C' POLYNOMIAL CURVE FITTING FUNCTION? (ANSWER YES OR NO)',2X,$)

ACCEPT 1002,REP
IF(REP.EQ.YES) GO TO 6000
IF(REP.EQ.NO) GO TO 28
IF(REP.NE.YES.AND.REP.NE.NO) GO TO 29

28 CONTINUE
CLOSE (UNIT=2)
CLOSE (UNIT=3)
CLOSE (UNIT=I)

9674 TYPE 2007
TYPE 4137,ICCBS(1),ICCBS(2)
TYPE 2006
TYPE 14

14 FORMAT(IX,'DO YOU WISH TO CALCULATE PROTECTION FACTORS FOR'/
C' ANY OR ALL OF THE FOLLOWING CONDITIONS: 1) A DIFFERENT'/
C' SUBJECT 2) A DIFFERENT SET OF SODIUM CHLORIDE CALIBRATION'/
C' STANDARD VOLTAGE MEASUREMENTS 3) A DIFFERENT SET OF'/
C' EXERCISE INTEGRATOR COUNT DATA.'/)

TYPE 9999
9999 FORMAT(lX,'(ANSWER YES OR NO)',2X,$)

ACCEPT 1002,COM
!F(COM.EQ.YES) GO TO 5101
IF(COM.EQ.NO) GO TO 9672
IF(COM.NE.YES.AND.COM.NE.NO) GO TO 9674

9672 CONTINUE
TYPE 2007
TYPE 4137,ICCBS(1),ICCBS(2)
TYPE 2007
TYPE 9599

9599 FORNAT(IX,12X,'JOB SUCCESSFULLY COMPLETM',//////)
STOP
END

C
C
C SUBROUTINE CLEAR IS CALLED WHEN ENTERRING DATA IN THE
C SODIUM CHLORIDE CALIBRATION CONCENTRATION STANDARDS
C SECTION AND EXERCISE INTEGRATOR COUNT SECTION. BY
C CALLING THIS SUBROUTINE THE OPERATOR CAN MAKE TWO
C DATA ENTRIES ON THE SAME LINE. SUBROUTINE CLEAR ERASES
C THE LINE INWHICH THE FIRST DATA ENTRY WAS MADE AND
C RETYPES THAT LINE, INCLUDING THE FIRST DATA ENTRY;
C THIS ALLOWS A SECOND ENTRY TO BE MADE ON THAT LINE.
c
C

SUBROUTINE CLEAR(LINES)
BYTE A(3)
A(1) -27
A(2)-65
A(3)-75
IF (LINES.EQ.0) LINES-I
DO 1 I-I,LINES

1 TYPE 4,A(1),A(2),A(1),A(3)
LINES-O
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RETURN
4 FORMAT (IH+,4AI,$)

END
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DATA.XXX File Contents for Data in Table 7

A

Ir

SI

91

- . ~APPENDIX B:



--APPENDIX B--

TH~E MUIIIIR nlV S00I011 CULRIDE CAIIBRA1'OUI COMCENTflATION STAtIDADS,= 7

SAMPIXE NLIIBFl PVOLT'AGEr S01IUM CHIPIM.)~ 1

(it NVOu.rs ) CONCENTRAT 1011
(XDATA) (YDATrA

3.30.000 1.00000
2 2.91500 0.100000
3 2.31000 0.100000E-01
4 1.50000 0.100000E-02

5 0.545000 0.1000OL1-03
6 0.165000 0.100000E-04
7 0.105000 0.IOOOOOE-os

:-IIUPlcr MA1112 CAPTAIN EDWARD) S. I~I1S eJ11
*Ty'Y' 01' MNASK UqA i till - 11FUD~m tio - NOIASS12S
Di'll: TI2ST1'0 9 APRIL1 1980
TIME~ M~~IMM) 1330 HOURS

INtI VRTcuwOR ~utt~lr TI MW PFIOD10
(It N rICON0Is)

*O1MAI. tWL2ATUIIIN STRAT6,11T AlIEN) 3904 10
lll1rlP 11PEATIMIC. .41RAJfOT AUEjýAO 4751 10
TALKg I tft(, 4620 10

IPjpil1Atimimmo ~ 4016 10

4937 10

PAZ AAK.
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'Vill: (AIDI'l OF T!ill DW:;! flhD I'fl!.II TAII .- £

Til: P(.\';i(;liITAl. FUNC'T IOALo~' I)EINITIOI) OF THlE VAlI An.!; M IS III TEM4S OF- C EXi'Oi)EiIAL MX

CC)F !C i C IT DIM)MER1 I~ -4. 1790 4E-05

COEMV CI WIT IRY11BE:1 2= . -7.314E-05

Cfw1 rFIc I PI)T j!Ur*1fEPR 4= -2. 61095-05
CMEFFICIfP1'T H~Ifl1II 5= 3.110131(,-06
col!rm CI~tIT 11JlIMElt G= -1 .71541C.-07

1~1 A~l~l LY(DAA) LCU'i IiA'V1) IY

'!I L!1 Pyt~X.AY (t:.'1T I MlAVED) R f I DUAL

(1 Lo)0U0 41.100000 -0. 10911 lV-07

0,1 DI10l0 0. 1t00001-02 -O .40199-0t1
0. 1 0t)(I13Ov-03 0. 00004R-03 -0.31)(194iE-0l

0. ((t00: UOOO-04 0100034F-04-0 462iO
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"C 7"- FE:ITIVIT'Y OF 7111ý P.-F7 : - 7 7 ? rý
O':2 P~rT12 T~? O7 ~ .w

.>~::~ PCT. E PMITI'IýLn . r.: viý TI" C, C~' ~
TiMt rRun PPOTEX'21Oi, JACTOR IS IVDEIZý MFS,

TEA%: 1 .0!:+((,. ',!Y EXEflCISC7 SCALED INTGEATOr
COU':T VAlUE YIýLDVZG A P3ROTECTIOI! FACTOR~ G?.LATER
THA2ý 1.0 '..ILL LIE RPORTED PS 0.OF-01.

SUIBJECT NWtE: CAPTAIN EDWAPID S. ROt.ESAR, i-T.
7YFý 01- MASK: USA : ý17 - M4EDIUll - 40 GUJ.SSE2`

DAT"E $Tz"ýq APRIL 1980
TIME TLSTED 1330 HOURS

EXERCISE PRTECTION VACTOR

NQR:IAL EIRVATHINO STRAIGHT AHEAD1.80
)FE7 !rAnI!TNG STRAGHI! AIUMAD .E0

!DE-T-SD NA

ACA.GMWAINC 1

j O~pMMLL APtT14ti"TIC AVER~AG PýOTCTION FACTOR
FOR ALL. CATEWMU~ OF UMI~SCS ACTIUALLY PERFOWE 1.5t+04

CWCA~ALI, TIM-: V~~t' AVEPfAGt1 PROTECTION CACTO1R

t'09 ALA. CA~i-WNULS OF UERCI~SCS ACTUJALLY P IUORtXM
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'-,, AiP,,P.YS FOR PLOTTING

GPPhl AR.IY CONiTAIN'S THE SODIUM CHLORIDE CALIBRATIOZI STAN1DARD DATA

L-'c, 4• ,";UIE ALUE

i 0.545000.2915000
0.31000

1.50U00
S 0.545000
6 0.165000

7 0.1050008 1.o0o0oo

9 0.100000
i1 0.10000oo-01
1 0.100000E-02
12 0. 10Q00Cr•-03

0.100000D-0,

G*PH'.) ARMiY cOtrN&TAIS THP ESTIMATED VALUES

SAMPLZ N.UNBR VXLW,

1 0.105000
2 0.113187
3 0.12137S
4 0.121562 .

0.137"S0
0.14S;38

7 0.154125
0 0.162313
9 0.170500

10 0.17060f7

101... '4 .i



-- APPENDIX D--

12 195063
13 0.203250
14 0.211438
15 0.219625
16 0.227812
17 0.236000
18 0.244188
19 0.252375
20 0.260563
21 0.268750
22 0.276938
23 0.285125
24 0.293313
25 0.301500
26 0.309687
27 0.317875
28 0.326063
S29 0.334250
S30 0.342438

0.350625
32 0.358813
33 0.367000
34 0.375188
35 0.383375
36 0.391563
37 0.399750
38 0.407937
39 0.416125
40 0.424313
41 0.432500
42 0.440688
43 0.448875
44 0.457063
45 0.465250
46 0.473438
47 0.481625
48 0.489813
49 0.498000
50 0.506187
51 0.514375
52 0.522563
53 0.530750
54 0.538938
55 0.547125
56 0.555313
57 0.563500
so 0.571688
59 0.579875
60 0.588063
61 0.596250
62 0.604438
63 0.612625
64 0.620813
65 0.629000
66 0.637188
67 0.645375
68 0.653563
69 0.661750
70 0.669937
71 0.678125
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72 0.686312
72 0.69450C
N4 0.70268C
75 0.710875
76 0.719063
77 0.727250
78 0.735438
79 0.743625
80 0.75J813

0.760000
82 0.768188
83 0.776375
84 0.784563
85 0.792750
86 0.800938
87 0.809125
88 0.81731389 0.825500
90 0.833688
91 0.84187592 

0.850063
93 0.858250
94 0.866438
95 0.874625
96 0.882812
97 0.891000
98 0.899188
99 0.907375

100 0.915563
101 0.923750
102 0.931938
103 0.940125104 0.948313
105 0.956500
106 0.964688
107 0.972875
108 0.981063
109 0.989250
110 0.997438
1il 1.00563
112 1.01381
113 1.02200
114 1.03019
115 1.03838
116 1.04656117 1.05475
118 1.06294
119 1.07113
120 1.07931
121 1.08750
122 1.09569
123 1.10388
124 1.11206
125 1.12025
126 1.12844
127 1.13663
128 1.14481
129 1.15300
130 1.16119
131 1.16938
132 1.17755
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1II

133 1.18575
134 1.19394
135 1,20213
136 1.21031
137 1.21850
138 1.22669
139 1.23488
140 1.24306
141 1,25125
142 1.25944
143 1.26763
144 1.27581
145 1.28400
146 1.29219
147 1.30037
148 1.30856
149 1.31675150 1.32494
151 1.33312
152 1.34131
153 1.34950
154 1.35769
155 1.36588
156 1.37406
157 1.38225
158 1.39044
159 1.39863
160 1.40681
161 1.41500
162 1.42319
163 1.43138
164 1.43956
165 1.44775
166 1.45594
167 1.46413
168 1.47231
169 1.48050
170 1.48869
171 1.49688
172 1.50506
173 1.51325
174 1.52144
175 1.52963
176 1.53781
177 1.54600
178 1.55419
179 1.56238
180 1.57056
181 1.57875
182 1.58694
183 1.59513
184 1.60331
185 1.61150
186 1.61969
187 1.62788
188 1.63606
189 1.64425
190 1.65244
191 1.66063
192 1.66881193 1.67700
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194 1.68519
195 1.69336
196 1.70156
197 1.70975
198 1.71794
199 1.72613
200 1.73431
201 1.74250
202 1.75069
203 1.75888
204 1.76706
205 1.77525
206 1.78344
207 1.79163
208 1.79981
209 1.80800
210 1.81619
211 1.82438
212 1.83256
213 1.84075
214 1.84894
215 1.85713
216 1.86531
217 1,87350
218 3.88169
219 i.88988
220 1.89806
221 1.90625
222 1.91444
223 1.92263
224 1.93081
225 1.93900
226 1.94719
227 1,95538
228 1.96356
229 1.97175
230 1.97994
231 1.90813
232 1.99%31
233 2.00450
234 2.01269
235 2.02087
236 2.02906
237 2.03725
23,• 2.04544
239 2.0S363
240 2.06181
241 2.07000
242 2.07819
243 2.08437
244 2,09456
245 2I,10275
246 2.11094247 2.11913
247 2.12131

249 2.13SS0
250 2.14369251 2:l~sse

252 2.16006
253 2.1682S
254 2.1744
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255 2.1846.3
256 2.19281257 2.20100
258 2.20919
259 2.21738
260 2.22556261 2.23373
262 2.24194
263 2.25013
264 2.25831
265 2.26650266 2.27469
267 2.28288
268 2.29106
269 2.29925
270 2.30744
271 2.31563272 2.32381
273 2.33200
274 2.34019
275 2.34838
276 2.35656
277 2.36475
278 2.37294
279 2.38112
280 2.38931
281 2.39750
282 2.40569
283 2.41388
284 2.42206
285 2.43025
286 2.43844
287 2.44662
288 2.45481
289 2.46300
290 2.47119
291 2.47930
292 2.40756293 2.4957/5
294 2.50394295 2.51213
296 2.52011
297 2.52850
298 2.53669
299 2.54488
300 2.55306
301 2.56125
302 2.56944
303 2.57763
304 2.55851
305 2.59400306 2.40219

307 2.61038308 2.61856
309 2,62675

310 2.63494311 2.64313
312 2.65131
313 2.65950
314 2.66769
315 2.67580
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316 2.68406
317 2.69225
318 2.70044
319 2.70863
320 2.71681
321 2.72500
322 2.73319
323 2.74138
324 2.74956
325 2.75775
326 2.76594
327 2.77413
328 2.78231
329 2.79050
330 2.79869
331 2.80687
332 2.81506
333 2.82325
334 2.83144
335 2.83963
336 2.84781
337 2.85600
338 2.86419
339 2.87238
340 2.88056
341 2.88875
342 2.89694
143 2.90513
344 2.91331
345 2.92150
346 2.92969
347 2.93788
348 2.94606
349 2.95425
350 2.96244
351 2.97063
352 2,97881
353 2.98700
354 2.99519
355 3.00338
356 3.01156
357 3,01975
358 3.02794
359 3.03613
360 3.04431
361 3.05250
362 3.06069
363 3.06888
364 3.07706
365 3.08525
366 3.09344
367 3.10163
368 3.10981
369 3.11800
370 3.12619
371 3.13438
372 3.14256373 3.15075374 3.15894
375 3.16713
376 3.17531
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377 3.18350
378 3.19169
379 3.19988
380 3.20806
381 3.21625
382 3.22444
383 3.23263
384 3.24081
385 3.24900
386 3.25719
387 3.26538
388 3.27356
389 3.28175
390 3.28994
391 3.29013
392 3.30631
393 3.31450
394 3.32269
395 3.33088
396 3.33906
397 3.34725
398 3.35544
399 3.36363
400 3.37181
401 3.38000
402 0.100432E-05
403 0.216730R-05
404 0.335033E-05
405 0.455367E-05
406 O.S777633-05
4nl7 0.7022480-05

ý dO.S28852E-C5
409 0. 9 57 605 5-OS
410 0.108654E-04
411 0.12216D0-04
412 0.135706E-04
413 0.1494711-04
414 0.163466E-04
415 0.177694E-04
416 0.192150E-04
417 0.206865E-04
418 0.221813E-04
419 0.237007E-04
420 0.23524529-O
421 0.2641SO-04
422 0.2041048-04
423 0.3001198-04
424 0.3167978-04
425 0.3335432-04
426 0.3505609-04
427 0.367851 -04
428 0.385421B-04
429 0.403273-"04
430 04214119-04
431 04390399-04
432 0.4585603-04
433 0.477579E-04
434 0.49900E-04
435 0.5163279-04
435 0.536463E-04
437 0.556714c-elo
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433 0.57 7283E-04
,! 39 0.59817!E-04
440 0.619392E-04
441 0.640942E-04
442 0.662827E-04
443 0.685053E-04
444 0.707623E-04
445 0.730542E-04
446 0.753816E-04
447 0.777449E-04
448 0.801445E-04
449 0.825810E-04
450 O.850548E-04
451 0.875665E-04
452 0.901165E-04
453 0.927055E-04
454 0.953 338E-04
455 0.980021f-04
456 0.10071!lE-03
457 0.103461E-03
458 0.106252E-03
459 0.109086E-03
460 0.111962&-03
461 0.114881Z-03
462 0.117845F-03
46.� o.12053L-0
464 0.123906E-03
465 0.127 00S-03
466 f.13O1SOE-03
467 o.133342E-03
401 O.136582E-03
469 O .139B70E-03

t01432079-01
471 0O.,46194E-ot
47' o.1100o1£i-03
473 0.1S5119t-03
474 o.1M7C59C-03

475 0.160602F-03
4i6 1O 164.M9•C-03
477 O.1679986-03
470 0.171753E-03
479 0.175S4C-63
483 0.179430E-03
48A 0.10337SZ-03
482 O.31*337C-03

485 O.19%4172-03

486 O.20086S=-03481 0. 20815IE-031•

460 0.212S0I-03
489 O,210151-03
490 0.22139St-03
491 O.225M41-03
492 0.23oSs5e-03
493 0.1352IM-03414 0.2;t399M89-03 .
445 0. 4e 441i V?-
496 O, 24006t-*3)
49? 7l47 •0

I9
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499 0.264834E-03
500 0.27002EE-03
501 0.275300E-03
502 0.280652E-03
503 0.286084E-03
504 0.291598E-03
505 0.297196E-o3
506 0.302878E-03
507 0.308647E-03
508 0.314504E-03
509 0.320450C-03
510 0.326488E-03
511 0.332617E-03
512 0.138842E-03
513 0.345162E-U3
514 0.351580E-03
515 0.358098E-03
515 0.364718E-03
517 0.371441E-03

S~a0. 37 8269E-035119 "n.36520SE-03520 0.3922SIC-03
521 0.399409E-03
522 0.406680E-03
S23 0.4140M0-03
524 0.4215753-03
525 0.429203E-03
$26 0.4309549-03
527 0.44446319-03

S28 0.4529309-03
529 0.460976E-03
530 0.4692489-03
531 0.47TOSSE-03
532 0.464308-03
$33 0.144901C-03

514~0 503)74IC0
M35 O512?31-03

s 3 t 0.5218743.03
517 0.531114C-03
536 0.5406343-03$39 0.S5025SE-03
540 0.58004ft-03
$41 0.5700133-03
S42 0.5601533-02
S43 43904722=03
S44 0.600*76s-3-
SO5 0.4 1166ft-03
546 0.6225ss3l-03
S47 04633640it-03
S41 0.644-#21t-03
s50 0.64034Le.03
551 0.61006)3-03
S52 0.6922119-03
$53 0.70450119-03

S54 0.7172211-03
sss 0.730044it-OJ
556 0.74319S63-03
557 0.73654)3-03

sso 0.1101#3t-03
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560 0.79C268E-03
51 i 0.812729E-03
562 0.8274 81E-03
563 0.842533E-03
564 0.857894E-03
565 u.873571E-03
566 0.889574E-03
567 0.905912E-03
568 0.922595E-03
569 0.939631R-03
570 0.957032E-03
571 0.974808E-O3
572 0.992969E-03
573 0.101153E-02
574 0.103049E-02
575 0.104988£-02
576 0.106970Z-02
577 O. 1Q8996E-02
572 0. 111060E-02
579 0.113187F-0'
580 0.11355E-0;
581 Q. 1 1'573•-0•

582 0.1.9843E-02
S53 0. 122165s-oz
584 0.124543F-02
5O5 0.126976E-02
586 0.12946SE-02
$87 0.132019E-02
50s 0.1346338-02
599 0 • 137309C-02
$90 O.140051E-02
591 0.14286IE-q2
S92 O. 145740C-02
593 0.148692E-02
594 0•151717c-02

SgE O~. 1s54 51 -O
594 0.1$79909-02

$97 0.161159F-02
596 0.1646049-02
599 0.164031'-02
600 0.1715541-02
601 0.1751166-02
602 0.17•387•-02
S0 3 0.1t02s7E-02
$04 O.lOksslt-02
405 0.196s"9_t02
too .0. It 4706E-02
607 0.19.0329-02
G0o 0.2032729-02
609 0.20? 731C-02
610 0.21237O1-02
fll2 0.2101S0-02

6 IS 0.2211?08-'02
612 O.246110-02
614 0.2310239-02
M1 0.1371708-02
16 O.2425658-02

617 0,248110t-02
S0.2 .3..2.-0.613 0.2%967st-02

61t
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621 0.271906E-02
622 0.278284E-02
623 0.284846E-02
624 0.291596E-02
625 0.298541E-02
626 0.305687E-02
627 0.313041E-02
628 0.3206088-02
629 0.3283988-02
630 0.3364158-02
631 0.3446689-02
632 0.353164E-02
633 0.3619118-02
634 0.370918E-02
635 0.38n192£-02
636 0.389742E-02
637 0.399577E-02
638 0.4097069-02
639 0.4201398-02
640 0.4308858-Cl
641 0.4 41955E-02
642 0.4S33599-02
64) 0.465086E-02
644 0.477213E-02
645 0.4896858-02
646 0. 502533-02
647 0.515700o-02
648 0.529427E-02
649 0.543492E8-02
630 0.35.7987-02
651 0.5729278-02
652 O.588326Ft-02
653 0.604199s-02
6!4 0.620362E-02
4S3 0.6374299-02
606 0.654618i-02637 0.67274SE-02
638 0.691229c-02
639 0.7102616-02
660 0.729931S-02
661 07501978-02
482 0.1718,0l-02
463 0 •792S 361-02664 046141M35-02
t &6 0.•3"7469..02
464 0.16140U-02
667 0.6017749-02
666 0.91091631-02

0.9635"6t-02
oil• 0 - 01 LIISU-02613 0.1049019-01

$14 0. 101973 l-,1
G~s 0.1110342-01

476 0.1142119-01
671 0.1176063-01
671 0.121C416-01
679 0.1241414-01
610 0.121239C-01
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682 0.135905E-01
623 0.139923E-01
684 0.144070E-01
685 0.148351E-01
686 0.152769E-01
687 0.157330E-01
688 0.162038E-01
689 0.166899E-01
690 0.171917E-01
691 0.177099E-01
692 0.182449E-01
693 0.187974E-0"
694 0.193679E-01
695 0.199570E-01
696 0.205656E-01
697 0.211941E-01
698 0.218433E-01
699 0.225140F-01
700 0.232068E-01
701 0.239227E-01
702 0.246623E-01
703 0.254267E-01
704 0.262165E-01
705 0.270329E-01
706 0.278767E-01
707 0.287489E-01
708 0.29G506E-01
709 0.305829E-01710 0.315469E-01
711 0.325438E-01
712 0.335748E-01
713 0.346412E-01
714 0.357443E-01
715 0.368856E-01
716 0.380665E-01
717 0.392885E-01
719 0.405533E-01
719 0.418624E-01
720 0.432177E-01
.721 0.446209E-01
"722 0.460739E-01
723 0.475787E-01

. .724 0.491375E-01
.725 0.507523E-01
726 0.524255E-01
727 0.541594E-01
728 0.559565E-01
729 0.5781958-01
730 0.597510E-01
731 0.617540E-01
732 0.638314E-01
733 0.659864E-01
734 0.682223E-01
735 0.705426E-01
736 0.729509E-01
737 0.754510E-01
738 0.780469E-01
739 0.807429E-01
740 0.835433E-01
741 0.864528E-01
742 0.894763E-01
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743 0.926189E-01
744 5.958860E-01
745 0.992332E-01
746 0.102816
747 0.106492
.48 0.110317
749 0.114297
750 0.118441
751 0.122755
752 0.127248
753 0.131929
754 0.136806
755 0.141889
756 0.147187
757 0.152711
758 0.158473
759 0.164483
760 0.170755
761 0.177300
762 0.184133
763 0.191267
764 0.198718
765 0.206502
766 0.214636
767 0.223137
768 0.232024
769 0.241316
770 0.251035
771 0.261202
772 0.271840
773 0.282975
774 0.294631
775 0.306835
776 0,319618
777 0.333007
778 0.347037
779 0.361740
780 0.377152
781 0.393310
782 0.410255
783 0.428028
784 0.446673
785 0.466237
786 0.486770
787 0.508323
788 0.530952
789 0.554714
790 0.579671
791 0.605887
792 0.633431
793 0.662376
794 0.692797
795 0.724775
796 0.758395
797 0.793747
798 0.830926
799 0.870032
800 0.911171
801 0.954454
802 1.00000
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DIMENSION XY1(50),XY2(810),TTL4(5),NOE(2),IPrTL(4)
DIMENSION IPCRV(2),KTYPE(2),TTL3(4),trTL(4),TSIZE(4),RYTTL(4)
8\i'TE 'ZTL(40),YTL(40) TTL(240),DNAME(130),PMAME(13)
BYTE YES,NO,ANS,SYMB
BYTE RED,GREEN,BLACK,PSCL,PTL,PCRV,ESC,HOMIE,CLR
CON WON/GRPH/YTLRX, XTLRY
DATA YES/'Y'/
DATA NO/'N'/
DATA RD/'R'/
DATA (lREFN-/'G'./
DATA BLACK/E.
DATA TTL3/le AC','TUAL',' DAT','Alk/
DATA Ti.L4/'u ES','TIMA','TEE l,tVALU','ES'/
ESCn27
HOMEm72
CLR744
SYmnDE
ISCLmO
CALL ERRSET(64, ..'RUE., TRUE.,.TR.UE.,.FALSE.,30)
CALL ERRSET(29,.TRUE., .TRUE.,.TR'IE.,.FALSE.,30)
CALL ERST4,TU..REFLE,?LE,0
CALL ERRSET (59, TRUE.,.FALSE.,.TRtL...,.FALSE.,30)
CALL ERRSET(30,.TRt3E.,.E'ALSE., .TRUE.,.FALS'..,30)

11 COMINt1E
WRITE(5,S55) ESC,HOME,ESC,CLR
WRITE(5,415)

1 READ(5,405,ER1~m2) IRW
IF(IRW.EQ.a.OR.IRW.EQ.2.OR.IRW.EQ.3) GO -.0 3

2 WRITE(5,155,'
G~O TO 1

3 IF(IRW.EQ.2.ORIRW*ZQ.3) IRLUNN-;
lF (IRW.EQ.1) IRLUNu2L
WRITE(5,65)

10 READ(5,55) LENP,(PHANECI),Iu1,12)
IF(LENP.GT.12) GO TO 20
PNAM4E (LENP+I) -0
CALL ER1OST(43,K)
CALL ABSIGN(2,PNA14E)
CALL ASqSIGN (4j'GRAPHi.TXT')
IF(IRW.NE.3) CALL ASSIGN(1,~GNAPH1.COM')
CALL ERICST(43,K)
IF(K.EQ.2) GO TO 21

2U WRITE(5,115)
GO TO 10

21 W'RITE(4,65)
WRITE(4,305) (PNANE(I),Iul,LENP)

30 ISCLwISCL+l
IXt4Zu0
WRTE555) 8,HKEzCo

NDIGn2
IF(ISCL.LT.10) NOIG-1
IF(IRW.9Q.2*OR.IRW.ZQ.3) WRITE(5,355) ISCL
IF(IRW.EQ.2.OR.IRW.EQ.3) WRITEC5,465)

40 READ(IRLUN,105) LENtAW4S
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IF(LEN.EQ.0) ANS-'N'
IF(AN3.EQ.YES.OR.ANS.EQ.NO) GO TO 50
WRITE~(5,155)
GO TO 40

50 IF(ANS.EQ.YES) IXMM-1
IF(IXMM.EO.0) GO TO 110
IF(IRW.EQ.2.OR.IRW.EQ.3) WRITE(!5,485)

-60 READ(IRLt]N,*,ERR-7O) XMIN

GO TO 80
70 WRITE(5,155)

GO TO 60
80 IF(IRW.EQ.2.OR.IRW.EQ.3) WRITE(5,495)

90 READ(IRLUN,*,ERRin10O) Xl4AX
GO TO 110

100 WRITE(5,155)
GO TO 90

110 WRITE(4,245)
WRITE(4,355) ISCL
WRITE(4,465)
WRITE(4,265) ANS
IP(IRW.EQ.2) WRITE'(1,585) ANS
IF(ANS.SQJ4O) GO TO 111
WRITE(4,485)
WRITE(4,38

5) XNIN
Ip(IRW.EQ.2) WRITE(1,435) XMIN
WRITE(4,495)
WRITE(4,385) MZAX
IF(IRW.EQ.2) WRITE(1,435) XMAX

ill IF(IRW.EQ.2.OR.IRW.EQ.3) WRITE(5,475)

120 READ(IRLUN,1Q5) LEN,ANS
1F(LEN.EO.0) ANSu'N'
IF(ANS.EQ.YES.OR.AI4S.EQ.NO) GO TO 130
WRITE(5, 155)
GO TO 120

130 IP(ANS.EQ.YES) 1YM14ml
IF(IYMM.EQ.O) GO TO 170
rF(IRW.EQ.2.OR.IRW.EQ.3) WRITE(5,485)

140 RMA(IRLUN,*,ERR*15O) YMI~N
GO TO 160

150 WRVIE(5,155)
GO TO 140

160 I1'(IRW.EQ.2.OR.IRW.EQ.3) WRITL(5,495)
READ(IRLUN,*) YMAX

170 WRITE(4~,475)
WRITS(4,265) ANlS
IF(IRW.9Q,2) WRITE(1,585) ANlS

IF(ANS.EQ.NO) GO TO 171
WRITE(4,485)
WRITE(4,385) YMfIN
IF(IRW.9Q.2) WRITE(1,435) YUIN

171 IMME0:B.2.OR.M.90.3) WRIE(5,S55) ESC,5OZ4E,EBC#CLR
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350 IF(ANS.EQ.YES) ISCX-1
WRITE(4, 245)
WRITE(4,355) ISCL
WRITE(4, 255)
WRITE(4,195)
WRITE(4,275) XLEN
IF(IRW.EQ.2) WRITE(1,425) XLEN
WRITE(4,205)
WRITE(4,275Y' XBLINT
IF(IRW.EQ.2) WRITE(1,425) XBLINT
WRITE(4 ,185)
WRITE(4,265) ANS
IF(IRW.EQ.2) WRITE(1,585) ANS
IF(IRW.EQ.2.OR.IRW.EQ.3) WRITE(5,555) ESC,HOME,ESC,CtaR
IF(IRW.EO.2.OR.IRW.EQ.3) WRITE(5,355) ISCL
IF(IRW.EQ.2.OR .IRW.EQ.3) WRITE(5,375)
IF(IRW.EQ.2.OR.IRW.EQ.3) WRITE(5,215)

360 READ(IRLUN,*,ERR-37O) YLEN
IF(YLEN.GE.l..AND.YLEN.LE.10.) GO TO 380

370 WRITE(5,155)
GO TO 360

380 IF(IRW.EQ.2.OR.IRW.EQ.3) WRITE(5,205)
390 READ(IRLUN,*,ERR-400) YBLINT
IF(YBLINT.LE.0..OR.YBLINT.GT.YLEN) GO TO 400
GO TO 410

400 WRITE(5,155)
GO TO 390

410 IF(IRW.EQ.2.OR.IRW.EQ.3) WRITE(5,18)
420 READ(IRLUN,105) LEN,ANS

IF(LEN.EQ.0) ANSUN'
IF(ANS.BQ.YES*OR.ANS.EQ.NO) GO TO 430
WRITE(51155)
GO TO 420

430 IF(ANS.EQ.YES) ISCYwl
WRITE(4,245)
WRITE(4,355) ISCL
WRITE(4,375)
WRITEC41215)
WRITE(4t275) YLEN
IF(IRW*EQ.2) WRITE(1,425) YLEN
WRITE(4,205)4
WRITE(4,275) YBLINT N
IF(IMWEQ.2) WRITE(1,425) YBLINT
WRI'PE(4,1S5)
WRITE(4,265) ANS
IF(IRW.EQ.2) WRITE(11585) ANS

IF(IRW.EQ.2.OR.IRW.EQ.3) WRITEC5,555) ESC,HOME,ESC,CLR
IF(IRW.EQ.2.OR.IRW.EQ.3) WRITE(St35) ISCL
lF(IRW.EQ.2*OR.IRW.EQ.3) WRITE.(5,95)

IF(IRW.EQ.2.OR.IRW.EQ.3) WRITEC5,225)

440 READ(IRLUN,455,ERR-45O) LEN, XPSCLI
IF(IPSCLoGT.0.AND.lPSCL.LT.4) GO TO 460

450 WRIME5,155)
GO TOQ 440
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lF(IRW.EQ.2.OR.IRW.EQ.3) ;VRITE(5,365)
180 READ (IRLUN,405, ERR*19 0) IC
IF(IC.EQ.1.OR.IC.EQ.2.OR.IC.EQ.3) GO TO 200

190 WRITE(S,155)
GO TO 180

200 IP'1C.E.l) GO TO 210
NTYPE=0
GO TO 250

210 IF(IRW.EQ.2.OR.IRW.EQ.3) WRITE(5,395)
220 RZAD'(IRLUN,405,ERR=230) bICYCLE

IF(NCYCLE.GE.1) GO TO 240
230 WRITE(5,155)

GO TO 220
240 IF(IC.EQ.2) NTYPE-NCYCLE

IF(IC.EQ.3) NTYPEo-NCYCLE
250 WRITE(4,245)
WRITE(4,125)
;IRITE(4,365)
WflITE(4,285) IC
IF(IRW.EQ.2) WRITE(1,405) IC.
IP(IC.EQ.1) GO TO 251
WRITE(4,395)
WRITE(4,285) bICYCLE
IF(IRW.EQ.2) WRITE(1,405) bICYCLE

251 IF(IRW.EQ.2.OR.IRW.EQ.3) WRITE(5,165)
260 READ(IRLUN,105) LEN,ANS

IF(LEN.EQ.0) ANSu'N'
IF(AZ4S.EQ.YES.OR.AkIS.EQ.bIO) GO TO 270
WRITE(5,155)
GO TO 260

270 IF(ANS.EQ.YES) IRT05
IF(ANS.EQ.NO) IRTul
WRITE(4,165)
WRITE(4,265) ANS
IF(IRW.EQ.2) WRITE(1,585) ANS
lF(IRW.EQ.2.OR.IRW.EQ.3) WRITEC5,555) ESC,NOME,ESC,CLR
IF(IRW.EQ.2.ORIRW.EQ.3) WRITE(5,355) ISCL
IF(IRW.EQ.2.OR.IRW.EQ.3) WRITE(5,255)
ZF(IRW.EQ.2.OR.lRW.EQ.3) WRITE(5,195)

280 READ(IRLUN,*,ERR-290) XLEN
IF(XLEN.GE.1.) GO TO 300

290 WRITE(5,155)
GO TO 280I ~300 IF(IMWEQ.2.OR.MRWE.3) WRITE(5,205)

310 READ(IRLtJN,*,ERRu32O) XBLI14T
IF(XBLINT.LE.0,.OR.XBLINT.GT.XLEN) GO TO 320I

* 320 WRITE(5,155)
GO TO 310I330 lF(IRW.ZQ.2.OR.IRWEW.3) WRITE(5,185)

340 READ(IRLUN,105) LENIAZIS
IP(LEI4.EQ.0) AkNSoNo
IF(ANS.2Q.YES.OR.ANS.EQ.NO) GO TO 350
WRITE(5,155)
GO TO 340
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460 IF(IRW.EQ.2.OR.IRW.EQ.3) WRITE(5,565)
470 READ(IRLUN-,575,ERRu480) LEN,ASIZE

IF(LEN.EQ.0) ASIZE-.1
lF(ASIZE.LT..07.OR.ASIZE.GT..5) GO TO 480
GO TO 490

480 WRITE(5,155)
GO TO 470

490 WRITE(4,245)
WRITE(4,355) ISCL
WRITE(4,95)
WRITE(4,225)
WRITE(4,2S5) IPSCL
IF(IRW.1EQ.2) WRITE(1,405) IPSCL
WRITE(4,565)
WRITE(4,275) ASIZE
IF(IRW.EQ.2) WRITE(1,595) ASIZE
IF(IRW.EQ.2.OR.IRW.EQ.3) WRITE(5,555) ESC,HOME,ESC,CLR
IF(IRW.EQ.2.OR.IRW..EQ.3) WRITE(5,355) ISCL
IF(IRW.ZQ.2.OR.lRW.EQ.3) WRITE(5,445)
IF(IRW.EQ.2.OR.IRW.EQ.3) WRITE(5,315)

500 READ(IRLUN,325) NXTL,XTL
IF(NXTL.GT.40) GO TO 510
lF(lRW.EQ.2.AND.NXTL.EQ.0) WRITE(1,.585)
IF(NXTL.EQ.0) GO TO 589
GO TO 520

510 IF(IRW,EQ.2.OR.lRW.EQ.3) WRITE(5,15)
GO TO 500

520 IF(IRW.EQ.2.OR.IRW.BQ.3) WRITE(5,565)
530 READ(IRLUN,575,ERX~-540) LEN,XSIZE

IF(LEN.EQ.0) XSIZE-.2
IP(XSIZE.LT..07.OR.XSIZE.GT..5) GO TO 540
540 TO 550 155
GO0 TO 550 155
GO TO 530

550 IF(IRW.EQ.2.OR.IEW.SQ.3) WRITE(5,225)
560 READC(IRLUN,455, ERR*57 0) LEN,IPXTL
U'(EN.EQ.0) IPXTL-1
IF(IPXCTL*GT.O.AI4D.IPXCTL.LT.4) GO TO 580

.5570 WflITE(5,155)
GO TO 560

580 WRITE(4,245)
WRITE(4, 445)
WRITE(4,315)
WRITE(4,305) (XTL(I) ,11,NXTL)

WRITE(4,565)
WRITE(4,275) XSIZE
IF(IRW..EQ.2) WRITE(1,595) XSZZE
WRITE(4,225)

4 WRITE(4,285) IPXCTL
IF(IRWEQ.2) WRITE(1,405) IPXCTLI

589 IV(lRW.EQ.2.ORlRW.9Q.3) WRITE(5,335)
590 READ(IRLUI4,323) NYLTL,YTL

IF(tflTL.GT.40) GO TO 600

lF(lRW*ZQ.2.AND.NYTL.EQ.0) WRITE(1,585)
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IF(N'YTL.EQ.0) GO TO 676
GO TO 610

600 IF(IRW.EQ..2.OR.IlflW.EQ.3) WRITE(5,15)
GO TO 590

610 IF'(IRW.E~Q.2.OR.IRW.EQ.3) WRITE(5,565)
620 REAfl(IRLUNl,575,ERR*630) LEN,YSIZE

IF(LEN.EQO.) YSIZE-.2
lF(YSIZE.LT..07.OR.YSIZE.GT..S) GO TO 630
GO TO 640

630 WRITE(5,155)
GO TO 620

640 lF(IRW.EQ.2.OR.IRW.ZQ.3) WRITE(5,225)
650 READ(IRLUN,455,ERR-660) LEN,IP'YTL

IF(LEN.EQ.0) IPYTL-1
IF(IPYTL.GT.0.AND.lPYTL.tLT.4) GO TO 670

660 WRITE(5,155)
GO TO 650

670 WRITE(4,335)
WRITE(4,305) (YTL(I),I'uL,NYTL)
IF(IRW.EQ.2) WRITE(1,585) (YTL(t) ,I-1,NYTL)
WRITE(4, 565)
WRITE(4,275) YSIZE
IF(IRW.EQ.2) WRITE(1,595) YSIZE
WRITE(4,225)
WRITE(4,285) IPYTL

676 IF(IRW.BQ.2.OR.IRW.EQ.3) WRITE(5,555) ESC,HOME,ESC,CLR
WRITE(4, 245)
DO 780 ln1,4
lF(IRW.EQ.2.OR.lRW.EQ.3) WRITB(5,345) I
ISTRT-(I-1) *60+1
IENDmISTRT+59

680 READ(IRLt3N,325) NTTL(I), (TTL(J) ,J-ISTRT,IEND)
IF(?1TTL(I) .GT.60) GO TO 690
IF(IRW.EQ.2.AND.NTTL(I).EQ.O) WRITE(1,585)
IF(NTTL(I) SEQ.O) GO TO 780
GO TO 720

690 I?(IRW.EQ.2.O4R~lW.EQ.3) WRITEC5,15)
GO TO 680

720 lF(IRW.EQ.2.OR.lRW.EQ.3) 1WmITE(5,235)
730 READ(IRLt3N,57S,ElR-~740) LEN,TSIZE(I)

lF(LEN.EQ.0) TSIZE(I)-.2
IF(TSIZE(I).LT..07.OR.TS12E(l).GT..5) GO TO 740
GO TO 750

740 WRITE(5,15S)
GO TO 730

750 lF(IRW.EQ.2,OR,zRW.EQ.3) WRITE(5,175)
760 READCIlRLUN,4SS,SRRw77 0) LEN,IT!IL(I)

IM(EN.S0.0) IPTTL(I).-
IP(IPTTL (1) GT. O.AZ4D. PTTL(I) LT. 4) GO TO 771

770 WRITE(5,155)
GO TO 760

771 WRITE(4,345) I
JECNDuISTRT+HTTLI) -1
IP(NTTL(I) .QT.O) WRITE(4,295) (TTL(J),JwISTRT,JEND)
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IF(IRW.EQ.2) WRITE(1,585) (TTL(J) ,J=ISTRT,JEND)
WRITE(4,23S)
WRITE(4,27S) TSIZE(I)
IF(IRW.EQ.2) WRITE(1,595) TSIZE(I
WRITE(4,175)
WRITE(4,285) IPTTL(I)
IF(IRW.EQ.2) WRITE(1,405) IPI'TL(I)

780 CONTINUE
WRITE(5,555) ESC,HOME,ESC,CLR
NDIG1-2
NDIG2-2
IF(ISCL.LT.10) NDIG1-1
IF(ICRV.LT.10) NDIG2-1
WRITE(5,355) ISCL
WRITE(5,45) ISCL
IFNS-(ISCL-1) *12+1
IFNE-ISCL*12

790 READ(5,55) LEND,(DNRNE(I),IuIFNS,IFNE)
LENDE=IFNS+LEND
DNAME (LENDE) .0
CALL ERRTST(29,K)
OPEN (UNITu3,~NMEuDNANE(IFNS) ,READONLY,TYPE&IOiD',ERRu800)
CALL ER~RST(29,K)
IF(K.EQ.2) GO TO 810

800 WRITE(5,155)
GO TO 790

810 WRITE(4,245)
WRITE(4,355) ISCL
WRITE(4,45) ISCL
WRITE(4,305) (DNAME(I),IUIFNS,IFNE)
DO 820 1-1,24
READ(3,55) LEN,T

820 .CONTINUE
NO (1) .0
1-1

830 READ(3,5) LEN,XY1(I)
IF(LEN.EQ.0) GO TO 840
NOE (1) =NORE(1) +1

GO TO 830
840 NOE(l).NOE(l)-1

IF(NOE(l) .LE.1000) GO TO 8S0
IF(IRW.EQ.2.OR.IRW.EQ.3) WRITE(5,75)
GO TO 9999

850 DO 860 1-1,11
READ(3,S5) LEN,T

860 CONTINUE
NOE(2) -1

870 READ(3#5,IENDU880) LEN,XY2(l)
NOE (2) mNO E(2) +1
1.1+1
GO TO 870

880 * NOEC2)nNOE(2)-1
REWIND 3
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DO 890 1-1,24
READ(3,55) LEN,T

890 CONTINUE
DO 900 I1l,NOE(l)
READ(3,*) LEN,XY1(I)

900 CONTINUE
Do 910 1-1,12
READ(3,55) LEN,T

910 CONTINUE
DO 920 I.1,NOE(2)
READC3,*) LEN,XY2(I)

920 CONTINUE
CLOSE (UNITU3)

NOE (2) NOE (2) /2

YMINT=1.E27
XNAXT1 .E-27
YMAXTu1 .E-27
DO 930 1.1,NOE(l)
IF(XY1(I) .LT.XKINT) XMINTKXY1(1)
IF(XY1(I) ,GT.XKXTf) XHAXTOXYl(I)
IP(XYl(NOE(1) 4!).LT.YMINT) YMNflT=XY1fNOE(1)+I)
!F(XY1CHOE(1) !) .GT.YKAX?) YKAXT-XY1(NOE(1)4I)

930 CONTINUE
DO 940 1u1,NOE(2)
IF(XY2(I) .LT.X141NT) XNINT-KY2(I)
IP(XY2(l) .GT.XNAXT) XNAXTaXY2(l)
IP(XY2(NOEB(2) 4!).LT,!NlNT) YMlNTuXYICIIO8(2)'1)
IP(XY2(NOE(2)4I) .CG.YhAX) YMAXT.XY2(NOE(2)*1)

940 CONTINUE
If(IXNN.EQ.l) GO TO 950

XNXuXKAXT
950 !F(Z'IYU.EQ.l) GO TO0 960

YMIN-YNINT

960 NRZTE4,245)
DO 990 ICRV*1,2
IF(ICRV.IQdl.AND. CIRb'EQ.2.OR.-IRW.EQ.3)) WRZ'1E(5,13S)
zp(ZCRV.EQ.2.AND. (!RW.EQ.2.OR.IaW.Eg.3)) WRITE(5445)
!F(IRW.EQ.2*0R.IRW.EQ.3) WRI'1E(5,225)

970 READCIRLUN,4SSERRU9S) LtNZPCRV(ZCRV)
!?(LEN.EQ.0) !PcRV(ICRV)u1
lf(IPCRV(ICRV) .GT.O.Ak4D.IP(CV(ZCRV) .LT,1.4 GO TO0 981

980 WRITE(5tl55)
GO TO0970

961 !FCICRV.EQ.1) WRI'1CC4,35)
IF(ZCRV.EQ.2) WRXTE(4,145)
WRZ'1E(4,223)

zp(zRV.9Q,2) WRITR(1,405) 1PCRV(XCRV)
990 CONTINUE

IF(IRW.8Q.2,O5.!RW.ZQ.3) WRTZT(5,S5S) SSCU0IIEoC$C,CLR
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?QIBBwYRL NT/.25
CALL BGNSPPIITYPE,-2,C~lT,0,l)
MPISCXSE.0) GO TO 1000CALL SOPTMM(XN IN,XlIAJ,XLBNXQIBS)

1000 IF(ISCY.EQ.o) GO TO 1010
CALL BOP1NM(Y~qlN, YMAX, YLEN,YoxBB)1010 CALL ?1FMPEN(IpSCL)
DO 1020 JPI-1.IIRT
FJOPLOAT(JPII.1)
TPA-fi. 2831853E0*Fj/5.
Axe. OOS'COS ITFA)
AT.. 008'SIN (TFA)
IF(IR?.EQ.1) AX0O.o

ChLL PWT(AXAy,.3)
CALL BQ4 SCL(lSCLXl~mNXIAXYHzN,y,.cO

1020 COmzTIRM
RXXL~N.(~XUNL*XS2ZZE))/2.+.l 

.RYXTLn1.0-(x?=IU .3*2$Zua)

R'tTTL(4)*YBN41 .2

RTTLh2) eRYTTL(3 41.S'fSjg(3)
ltYTTL(Vw RYT'Tt(2) .1 .3*n31u2)
CALL NEVMNlCIMTL,
00 1040 101#4

Axa. OOS'CO('IPA)
Aye.OW~SIN(TI.A

11PURT.sg.1 Aywo.o
CALL PW?(AX,Ay,-3)
1?tWtTL~Z).tQ.) 00o To 1040

CALL UTtT(L
1040 cwzt

ZF(tuLAQO-) 00 TO 1051CALDL MWl(?jfILj
00 105 jP0 Jfl-aT

Axae. OosCO(T?A)
Avo. 0o6osZN (Tral
ZIfttzA.10.1) AX0.O.
tptz&Ir.ga.11 Ava.o.
CALL PwtIAl,A?,..3)
CALL B !C?,W.81R!LVL 

5.
1051 U"I3KLgo.oJ 00 tO 1061CALL MMV~tftR(~i*j

00 1060 irro1.zat
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FJ*FLOATCJPI-l)
TPA-6.2831853E0*F3/5.
AX=.008 *COS (TPA)
AY*. 008'SIN(TFA)
IF(IRT.EQ.l) AX-O.0
IF(IRT.EQ.1) AY-0.0
CALL PLOT(AkX,AY, -3)
ZF(NXTL.EQ.0) GO TO 1060
CALL BQ4NTTL(XTL,NXTL.XSIZE,RXXTL,RYXTLtl..0.)

1060 CONTINUE
1061 RXTTL3-XLEN+3.
CALL NEWPEN(IPSTL)
DO 1070 JPlul,IRT
FJsFLWAT (JPI-1)
TFAmE .Z83185390*?J/5.
AXw.006*COS(TFA)
AYu.00OSSIN(TVA)
IF(XRT.EQ.1) Axwo.0
WIRT a. Q.1) AYw0.0
CALL PWT(AXAY.-3)
CALL 8Q?!TL(TTL3.15*.14,R171L3,4,0,1.,0.)
CALL 8Q4?TL(TTL4.20..14,RXTTL3,3.7,1.,0.)
CALL SYMBOL(IXT?'L3*4. 07,,j44.0.0.-i.)
CALL SYNUL(aRIf)30.77,J44,4,0.0,-1)

1070 COMMU~
CALL N4CWVP(I MCV (1))
00 1640 JPlsl#IRT
P3'VW0AT(JPZ-1)
TIPA- .213i.539O*?J/S,
A0u.00SCOS(T1A)

T?(IM.90.1) AIwO.0
i?(ZQ?.9Q.11 AhuCO.
CALL PW~tA1,AY#-I)
CALL bpw¶'(ZSCLNMott1) ,,T.f(O().)...

1 L11lftS..14)
CALL WV'PL t ISCL)

CALL MWMH (1)
CALL OMMUMN a(Z))
00 1090 jp?.),Ittt

CKLL VWI'tAXAT.,-3)
CALL UPWVtZCLA08) AXV.t2N3()1) .1.0..

CALL SWVOL? ( ISCLI

9: CALL N!Vft(l)

Iti( RN.ZQ.1.OLZRVm.to.2) CALL CWU (1)
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CALL CLOSE (2)
CALL CLOSE (4)

WRVX!E(5,555) ESC,HOMEIESCCLR
WRITE(5,35)

1100 READ(5,105) LENANS
IM(EN.E0.0) ANS-WN
1F(ANS.EQ.YES.QR.ANS.EQ.NIO) GO TO 1110
WRITE(5,155)
GO TO 1100

1110 CONTINUE
IF(AZIS.BQMYES) GO TO 11
CALL NEWPEN (1)
CALL BNDPLTM1
WRITEC5,555) ESCUNE,ESC,CLR
WRI1'E(5, 25)

9999 CALL EXIT
S FQNMAT(Q,53XIF14.11)
i5 FOMtATt' You msut enter 60 characters or lesa.')

35 FONMAT(//////I//*//A Create anoth~er graph (Y/N)? 1,S)
45 FOMSAI'(/,' input file for Graph '.I<NDZG>.' (filhspecl? *,I)
55 F'OFMAT(0*13Ai)
65 PQMAT(///.' output file (fileapec)? I,$)
75 PONIAT(//.' Your data file contains not* than 1000 X/Y1

1 coordinatea.1,//,' Program stop. No output peoduced.')
45 FORNATC14)
95 t0OMAT('+1 X and Y Ilea speCificationot')
105 FORHAVtQAX
115 IPONATtl That file does not exist,')
125 OMMATt/!,' Plot spaCifications.t')
135 FORMATW/,1 '"Actual data"' curve.*)
145 FON4AT(/, ''Catisated values'" cut" .')
155 FOMAW( Whati? 1,0)
165 FONIAT(/,' Rettrc* option YWHI? I*$)
175 IPONAT(' (1 S"lA ~ (2) RED (3) GRwiV'./#

I Color? '.8)
185 FONIA'tt/, Scale option tV/N17 1.,0
195 IFONAT I/, X-haa Wenth In inch~es? 1,S)
203 PMhhSTtC. Distance between blips5  in Inesa? 18)
213 FPON*AVI/ Y-Arnio lenc~h In inchoo?.8
22$ PONIA~T1, I Cli BLACK (2) ago (3) G)A9W'./

1 Colotl 1#0513'~L~e .?.5?'8
0S 45OMAT/,' Chauracterl SI 'nce ,

24 r0M tj4 ---------a~ss sS.s..e ee ' 1
235 U'OMA~T0# K Aknio spec~itcationus'/)
26S5OO `I A

Ms UONIDT('',Mil)

3SFOMATVr %-xsTitle 11-40 chat.)? (160chrs)?'
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355 FORMAT(' Graph number ',I<NDIG>,S)
365 FORMAT(/,' I1] Linear [2] Semi-log [3) Log-log'

1,!,' Type of scale? *,$)
375 FORMAT('+: Y axis specifications:',/)
385 FORMAT 1+1' ,El5.7)
395 FORMAT(/,' Number of cycles 1>01? ',$)
405 FORMAT(I1)
415 FORMAT(' (1] Read responses from GRAPI1.COM ',!,

1 ' and do not updare GRAPH1.COM.',//,
2 ' (2) Read responses " !v keyboard and',/,
3 update GRAM1Xl.Cux. #,/ /,
4 ' [3] Read respons- from keyboard and',/,
5 ' co not upda. GRAPH1.COM.',//,' Optiou,? ',S)

425 .O .AT(FI5.7)
435 FOWAT(EI5.7)
445 FORMAT('+ Title si. cifications: ',/)
455 FO1AT(Q, I1)
4(- FORMAT(/,' X-Axis mirxinum/maximum overide option [Y/N]? '$)
475 FORMAT(/, ' Y-Axis minim=m/maximum overide option [Y/N]? ,$)
485 FORMATO' Minimm value? ',$)
495 :lOt.-dAT(' Maximum v--3ue? ',$)
555 FORMAT(' ',4A1)
S6C FOI..AT(/,' Character size in inches (.07-.51? ',$)
575 FORKAT(Q,P5.4)
5a5 FORMAT(60&AI
595 FOiMKAT(F5.3)

END
SUBROUTINE BOPTMI4(XMIN, XMAX,AXLEN,QIBB)

C BOPTMM will determine a scale for plotting values between XMIN and XMAX
C such that each 1/20th inch tic mark has an easily READ decimal value.
C If QIBB specifies tic marks on the axis, '0.' must fall on a blip even
C if off the plot page. AXLEN is truncated to the nearest 1/20th inch and
C XMIN and XNAX are changed to the endpoints of the axis to be drawn.
C
C Arguments:
CC XMIN - Minimum value in array to be plotted.

C
C XMAX - Maximum value in array to be plotted.
C
C AXLEN - Axis length in inches.
C
C QIBB - Number of quarter inches between tic marks on axis.
C
C If QIBB is positive [>0] - fit scale to XMIN and XMAX
C using tic mark interval.
C
C If QIBB is negative (<01 - permit a 2.5% overscale on
C either end using tic marks.

REAL*8 XLOWXHIPOWER
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XHIi -IXHI /10
FXAX-FMA/1 0.

Go TO 120
130 IF (Iz.EQO) GO TO 140

IF (IX.ZQ.0) GO TO 140
IF (IXrwW.ei.0) IX-lO-IX
IL-!XHI-IX
IF (F~a4AX.GT.IL)GO TO 140
1XHI IL
IXL.OW-IXWW-IX
GO TO 120

140 POWER-IO .DD**IEXP

xLow-ixowW*POWER
XHIi IXHI *POWER
IF (RaNGE.LT.0.) GO TO 150
)OMIN-XLWW
X14AX-XHI
RETU¶RN

150 XMfINXHI

RETURN
5 EONIAT(' Invalid SOPTMM argumenits:',//,

1 ' minimum value a ',F14.7,/,

3 t Axis length - ',Fl4.7,/,

4 f Blip intervals a ',F14.7,"/'/. Program stop.,)
END

AVA
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12-0
RANGE-XMAX-XMIN
IF (RANGE.NE.0.) GO TO 10
!F(IRW.EQ.2) WRITE(5,53 X(MIN,X1MAXeAXLENQIBB
CALL EXIT

10 R*ABS(RhNGE)
IF (!RANGE.GT.0.) GO TO 20
X-XMIN
XI4INnXMAX

20 K" AXL20-INT(,XLEN*20.)
AXLEN-AXL2O/ 20.
UNP20-R/AXL20
IF (QIBB.GT.0.) GO TO 30
X-.025*R
XZ4AX-XMAX-X
XJMIN-XMIN+X
R-X.NAX-XM IN
UNP20-RIAXL20

30 TWPDLP-INT(ABS(QIBB) )*5
IF (TWPBLP.EQ.0.) GO TO 40
IF (AXL2O/TWPBLP.GT.1.0001) GO TO 50

P IF (R.LE.ABS(XMAX+XMIN)) GO TO 50
40 TWPBLPU1.

50 IXP-
IF (UNP2O.GE.1.) IEXPm9

60 XMO.
Ylu10.**EC

70 XwX+1.
PUNP2 0-X*Yl
IF (UNP20.GT.FUNP20) GO TO 70
IF (X.NE.1.) GO TO 80
IF (UNP2O.EQ.PUNP20) GO TO 80
IEXP-IEXP-1
GO TO 60

s0 IX-x
IAXL2 00AXL20
.ITWPBLOIVPBLP
FYJAAX-XMAX/Yl

90 IUNPBLaITWPBL*IX
Y-XN4IN/ (IUNPBL*Y1) IYUi
IF (Y.R0 ZY) GO TO 100

100 IXLOWmIY*ItINPBL
IXHI =IXWJI- -L, CU* IX
IF (F)U'AX.L-, lXHIi) GO TO 110

GO TO 90
110 ILuIUNPDL*INT( (FLOAT(IXHI)-FXMAX)/(2*IUNPBL))

IXLOW=IXLOW- IL
IXHI *IXHI -11,

120 IF (10*(IXLOW/10) .NE.IXWOW.OR.10*(IXHI/10) .NE.IXHI) GO TO 130
IXLWW-IXWW/1 0
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APPENDIX F:

CAL COMP Generated Plot (Semilogarithmic) of the GRPHX.XXX Data.
II
II
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1.OEO

1.OE-1

C31 OE-2

.lOE-3 (D = ACTUAL DATA
U

0 ESTIMATED VALUES

N1 .OE-4

I .OE-8

I .0E-7
0 12 3 4

SCALED INTEGRATOR COUNT (X 1000uTTME)

Figure F-1. Sodium chloride RQFT calibration curve mask leakage
(concentration) vs. scaled integrator count.

133



APPENDIX G:

User's Guide for the NACLRQFT.FTN Computer Program

135



I
-- APPENDIX G--

RHP!OHAIOR QUANIIIATIVE FIT Il.ltUb
I ISIULIIUtl I:Uk USl1b IHE COMPUILN IERMINI\LS L; USAFS/AVN TO MIOLs, IlL IAIA COLLELTED ON THE SALT FOG

iLY: - COMPUTER GENERATED INFORMATION (CRT SCREEN)

- Pqog'am U.s6e Generated In6owuatioo•o inteked via the ket boakd; ('inokmatiton dPpfaijed on the CRT

- Sequential Step Numbers; not displayed on CRT screen

- Comments to help the program oser

UT1 S! kEEB IISPLAY COIIIENT

1) > CRT display status normally found on an idle
terminal.

2) > HELLO Type in 'IIEI.LLO'; press "Return" key on keyboard.

3) ACCOUNT OR NAME: Computer response.

4) ACCOUNT OR N1AME: XXXXXX Type in your last name; depress "Return" key on
ke yboa rd.

5) PASSWORD: Computer response.

6) PASSWORD: XXXX Type in your passwnrd; password characters are not
displayed on CRT screen; depress "Return" key on
keyboard.

(SERIES OF COMPUTER SYSTEM MESSAGES) No response reuinllred on your part.

ENTER TERMINAL TRACKING NIIJ•MR (WHITE lAG ON
RINIt FRONT)? Last message of thto group.
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LKI SLKLLIJ DISPMY' Wit ILI II

7) ENJTER TERMINAL NJUMB3ER (WHITE TAG ONl RIGH1
FROIJT)? XX Enter two di,;[ts; depress "Return" key on keyboard.

(SERI ES OF COMPUTER SYSTEM MESSAGES) No response required on your part.

) Computer is ready.

8) > Ran VR3:[305,4,jNACLRQFT Type in "Run hDK: I30),4jNACLR(ýFT; depress the
"Return" key oil the keyboard.

(PROGRAM STATEMENTS) No response required onl your part

9) ENTER THE FOLLOWING: WI1 FOR THE FIRST DATA Last of prugraw Statements.
SET; UIU2 FUR THE SECO1ND DATA SET; UU3 FOR THE
THIRD DATA SET, ETC-

10) ENTRY = )X - Enter a three di,;it numaber to name this set of
data. Depress the 'Return' key on keyboard.

1) .(PROGRAM STATEMENTS) No response requi red onl your part.

12) ENTER THE FOLLOWING. UUI FOR THE FIRST RESIDUAL Last of prodrdiii h..t~tieaents.
SET; W2J FOR THE SECOND RESIDUAL SET,, W5 FUR
THE THIRD, ETC.

13) ENTRY XXX -Enter a three dt,-.Lt ntueher to name this out tit
residtiaLH, depress the "Return" key on the
keyboard.
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LlI LI! IiI•PLAY LUIEW INA

14)

(PROGRAM STATEMENTS) No response requtred on your part.

I5) ENTER THE FOLLOWING U0I FOR THE FIRST GRAPH Last of program statements.

SET; UU2 FOR THE SECOND GRAPH SET; f003 FOR THE
THIRD, ETC.

16) E1NTRY = XXX Enter a three digit number to name this graph set;
depress the "Return" key on the keyboard.

17) ENTER THE NUMBER OF SODIUM CHLORIDE CALIBRATION There are seven Lsodium chloride calibration con-

CONCENTRATION STANDARDS. centration standards. Enter the number '71;
depress the "Return" key on the keyboard.

ENTRY = 7

18) DEPRESS RETURN KEY AFTER A VOLTAGE MEASUREMENT No response required on your part.

19) EN4TER THE DATA POINTS

VOLTAGE SODIUM CHLORIDE Enter a voltage measurement, then depress the

MEASUREMENT CONCENTRATION "Return" key tn the keyboard. Type the correspond-
SAMPLE NUMBER (X DATA) (Y DATA) ing sodium chloridh. ,-libration concentration thendepress the "Return" Key on the keyboard. Repeat

I J 1.0 this procedure until all data points have been

SXX-0. entered.
5 0.OT

-xxx- -0.00T
-XX -o.OOOT5 -xxx- -o. O00T

b -xxx- -O,000r/ -KX .*0.00o00J.r

S
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Li Ail ,.IL.UJ UI JPL/AY LoUIIJrl

20) SUBJECT NAME: XXXXX Enter subljet', oit. (up to 30 chIaracters long);
depress the "R.ettrn" key on the keyboard.

21) TYPE CF MASK: XXXKX Enter majsk ono;eiiclture (up to 30 characters long),
depress "Rettir." key (n keyboard.

22) DATE TESTED: XXXXX Enter date •t;ihJt,,'t wais tested; depress the "Return"
key on the keyho.ird.

23) TIME TESTED: XXXXX Enter the thime ot day subject was tested (for
Example: 1430 lItors); depress "Return" key on
keyboard.

24) THE USER IS FREE TO SELECT ONE OF 7M) GROUPS First of a g,.rles if program statements explaining
OF EXERCISE PkOTOCOLS. the two groups of exercises. No response required

on your part.

(PROGRAM STATEMENTS)

25) TO SPECIFY THE EXERCISE PROTOCOL 6ROUP OF Last of program statements.
INTEREST, TYPE EITHER: GROUP I OR (ROUP 2

ENTRY = Gtoup X Enter either 'Group 1' or 'Group 2"; depress the
"Return" key on the keyboard.

26) The program statements explain how to enter
Integrator datal. N) response on your part.

(PROGRAM¶ STArE..ENTS)
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L~td A.EILLIJ ifilLh "/Y C tl -IIJI

2/) EXERCISE COIIJIFr DATA: Enter iitear.at.or e:,Va'LLSe2 Count data as previously

specifted in the i)rojlram stateaents; depress the

INTEGRATOR TIME PERIOU "Return" key on tle keyboard after each integrator

EXERCISE COU1T (11 SECONDS) count value. Enter the time period for the exer-
cise using no decimal points; depress the "Return"

14ORMAL BREATHING key on the keyboard. Repeat until data for each

STwAIGHT AHEAD XXXXXX XX exercise has been input.

The programI Stuatemen ts explain the functional

definitions of the variable (X); no response Is

(PROGRAW STATEMENTS) required on your part.

29) TO SPECIFY A FU14CIIUI4AL DEFIiIrII(M OF (0) Last of pro~rm.I state.ments.

SELECr THE CORRESPONDING WtJIBER IIISIVE FIE
BRACKETS

ENTRY = 3 Enter the nuober '3'; depress the "Return" key on

the keyboard.

30) EITER THE ORDER OF THE DESIRED POLYNOMIAL Enter the nminer 'b'; depress the "Return" key on

(M¶AXIMUM = THE NUHBER OF SODIU11 CHLORIDE the keyboard.

CALIIBRATIOi CONCEIITRATION STAIJDARDS -)

EUTRY = 6

31) A list of coefficient numbers is printed on the CRT
screen; no response required on your part.

(PROGRAMv1 STATEMENTS)

32) WO YOU WAIJT A LIST OF RESIDUALS'. Enter 'Yes', mnless otherwise instructed; depress

(AIJSWER YES OR lIo) _Ye.6 the "Return" key on the keyboard.
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33) A list of rviidiiaLs is displayed on the CKT screen.
No response rvqutr,ý.d on your part. If you want to

(PROGRAM STATEMENTS) stop the flow of Information on the CRT screen,
depress simuLtaneousLy the 'CTRL' and 'S' keys on
the keyboard. To restme the flow of information on
the CRT screen, depress simultaneously the 'CRTL'
and 'Q' keys on the keyboard.

34) The descriptive and protection factor calculations
are displayed on CRT screen; no response required

(PROGRAM STATEMENTS) on your part.

35) Lb YOU WISH TO USE THE SAME SOIUM CHLORIDE Type in 'Yes' or 'NJo' depending upon your desires;

STANDARD CALIBRATION VOLTAGE MEASUREMENTS AND depress the "Return" key on the keyboard.

EXERCISE INTEGRATOR COUNT DATA, BUT CALCULATE A - If you type in '14o' the result will be: 36)

DIFFERENT DEGREE OR FORM OF THE PULYNO1IAL CURVE - If you type in 'Yes' the result will be: 29)

FITTING FUNCTIONY (ANSWER YES OR 14O) XXX

36) LO YOU WISH TO CALCULATE PROTECTION FACTORS FOR Type in: 'Yes' or 'No' depending upon your

ANY OR ALL OF THE FOLLOWING CONDITIONS: desires; depress the "Return" key on the keyboard.

1) A DIFFERENT SUBJECT 2) A DIFFERENT SET OF - If you type in 'No' the result is 37)

SODIUM1 CHLORIDE CALIBRATIO|I STANDARD VOLTAGE - If you type in 'Yes' the result is 9)
MEAStREMENTS 5) A DIFFERENT*SET OF EXERCISE
INTEGRATOR COUNT DATA? (AnSWER YES OR 1o) XXX

37) > PIUa4T VATA.XXX If you want a computi-r print out on paper of the
data that you Input, type 'PRINT DATA.XXX', where
XXX is the number you entered from the keyboard in
step 9); depress the "Return" key on keyboard.

142



-- APPENDIX G--

Lid ýtL<LLN DJISHLAY tDf, LUlI

38) PRINT CALCX.XXX If you w;nit p• cit ,r print ',it on iviper of the
"results, typl' i'V Tr CAIl.(:X. XXX', where thl first X
of CAICX.XXX I-; ;vsigned the nulmher I by lte con-
puter and In, reu•ew1.ed by I each time, a forn of tlhf
polynomial ,urve fitt: ng function is calculated.
and XXX Is thelwi noher you entered from th. keyboard
in step I13); dt.prvss the "Retulrn- key osi the key-
board.

39) > PRINT GRPHX.XXX If you want a compuiter print out on paper of tihe

graphing data, type 'PRINT (RPIIX.XXX', 4here tlh
first X (if (1RIIIX. XXX is assigned tOw number I by
the computer and Incremented by I each time a form
of the polynomial cutrve fitting functioi is calcu-
lated, and XXX is tihe niumber you entered from the
keyboard in sitep If); depress the "Return* key on
the keyboard.

40) > BYE If you are fin! shId with the computer, type in:
'BYE' from the keyboard; depress the "Return" key
on keyboard and youj will be automatically logged
off the computer tenrminal. Computer printed
results can he picked up In computer center, Welll
150, approximately 2 hours after you log off tihe
computer •erminal.

14)
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I lI dL II SI-f Fi, US)Iljo TI:l C(f1PIITLI ILI1MINIIILS In USAFS/Y'/VIM) TOFNl IK A (,11`HI IN IWO IJIMEIISIIWiS.

- CoMPUTER GENERATED INFORMATION (CRT SCREEN)

- Pftotar (LIei Generated lWloimatior (Fnteved via. the kenIonid; tnsotmation diAptamed o" the ('PT

- Sequential Step Numbers; not displayed on CRT screen

- Conm•ents to help the progra;ii user

Lki SLILEIJ IDISPLAY U1.flll0

1) > CRT display staits normally found on an Idle
terminal.

1) > HELLO Type in 'IIFI.LO'; depress "Return" key on keyboard.

3) ACCOUIJT OR tMAlE: - Computer response.

4) ACCOUNT OR NAME: XXXXXX Type in your last name; depress "Return" key on

keyboard.

5) PASSWORD: Computer response.

6) PASSWORD: XXXX_ Type In your password; password characters are not
displayed on (CRT screen; depress "Return" key on

. keyboard.

(SERIES OF COMPUDTER SYSTEM MESSAGES)
No response required on your part.

EITER TERMIUIAL TRACKING NUMBER (WHITE TAG ON RIGHT FRONT)?_ l.ust Iieusnjle of the group.
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7) FNILR TERMINAL TRACKING NUMBER (WHITE Enter two digits; depress "Return" key on keyboard.
TAG ON RIGHT FRONT)? XX

(SERIES OF COMPUTER SYSTEM MESSAGES) No response required on your part.

> _Computer is ready.

8) Run VR3:E305.41NACLGRAPH Type in "Run I)DI3:1305,4]NACLGRAPIi; depress the
"Return" key on keyboard

9) 'LII READ RESPONSES FROM GRAPHI.COMWAND DO Computer response explaining the three graphing
NOT UPDATE GRAPH1.COM. options of the program. No response required on

your part.
121 READ RESPONSES FROM KEYBOARD AND UPDATE

GRAPHI .COM.

R1 READ RESPONSES FROM KEYBOARD AND DO NOT
UPDATE GRAPHI-COM.

UP010N? X- Enter the numher '1' 12' or'.3'; depress the
"Return" key on the keyboard. If you enter
the number '2' or '3' the result is 10). i1 you
enter the number 'I' the result is 59).

10) UIUPU1 FILE IFILESPECI? XXXXXX.XXX_ Enter the name al the output file I11 the form
'XXXXXX.KXXX' the file name ,mty have up to nilne

characters bet ore the lpriod anu must have three
ch~irmtc term•r a tt r the period. For examphl.
'PLOT.OUi)I ' dopre,% thIe "Return" key on the
keyhoa ri.

i) GRAP14 Nt1iBE R N Enter the letter 'YV; deprtes the "Iteturn" key on
X-AX S MIMIMU/IMAXItUM OVERII)I OPTION the keyhourd,

I Y/11
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12) MINIMUM VALUE'? XXX Enter the small•st value on the X-Axis; depress the

"Return" key un thle keyboard.

13) MAXIMUM VALUE? XXX Enter the largest value on the X-axis. Depress the

"Return" key on the keyboard.

14) Y-AXIS MINIMLU/MAXIMItM OVERRIDE OPTION Enter the letter 'Y'; depress the "Return" key on

[Y/NI? V_ the keyboard.

15) MiMIMUM VALUE? XXX Enter the smallest value on the Y-axis; depress the
"Return" key on the keyboard.

16) MAYIMUM VALUE? XXX Enter the largest value on the Y-axis; depress the

"Return" key on the keyboard.

17) PLOI SPECIFICATIONS: Enter the number '21 unless otherwise instructed;

Ill LINEAR I?) SEMI-LOG 151 LOG-LOG depress the "Return" key on the keyboard.
IYPE OF SCALE? 2_

18) NUMBER OF CYCLES 1>01? 7 Enter the number '7' unless otherwise instructed;
depress the "Return" key on the keyboard.

i9) RETRACE OPTION 'Y/N'? V_ Enter the letter Y'; depress the "Return" key on
the keyboard.

2U) GRAPH NUMBER 11: X-AXIS SPECIFICATIOWS: Enter the length of the X-axis in inches

X-AXIS LENGTH IN INCHES? XX_ number not a word; depress the "It'
keyboard.

21) lIStANCE BIEWEZN RIPS IN INCHES*, XX Enter the distance in t W'
X-axis. Enter . tit"
"Rgturtn" key un tlh
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Lil U.EIIIJ ilibiLAY 10 111A.U I

22,) SCALE OPTION I ?/jJ E N nter the !ett,,r IN' unless otherwise Instruc tetd
depress thv. "RNtuurn" key on the keyboard.

23) GIMAPH IItiBEH N: Y-AXIS SPECIFICAIIU1S: Enter the lIcn:th III the Y-axls In inches. Enter a

Y-AXIS LENGTH IN INCHES? XX number n.)t a wirI; depress the "Return" key an
keybuard.

Z4) DISTANCE BETWEEN BLIPS IlI IIICHES? XX Enter tht. dist.-11c" In inches between points on the
Y-axis. Enter .a number not a word; depress the
"Return" key on, Ia,*vbt)ard.

25) SCALE OPTION IY/IJI? N_ Enter the lettet 't" unless otherwise Instructed;
depress the "IRteturn key on the keyboard.

26) 6RAPI4 NIUFMBER IJ: X AND Y AXIS SPECIFICATIONS: Enter the n,,,iher 'P'. Depress the "Return" key on

III BLACK 121 RED 131 GREEN the keyboard.
LOLOW? I

?1) CHARACTER SIZE IN INCHES .I./ - ..1? .XX Enter the size , t the number to be displayed along
the X ,ind Y axis. Enter a number between 0.07 and

0.5 in Inches. Depress the "Return" key on the

keyboard.

28) GrAPH NUMBER IJ TITLE SPECIFICATIONS: Type In the title for the x-axis. Limit the number

X-AXIS TITLE I1-tI01? XXXXX_ of characters to 41); depress the "Return" key on
the keyboam rd.

29) COtARACTER SIZE IN INCHES I.U/--5i? XX Enter the size ,F the characters for the X-axis
title In Inches. Type a number between 0.07 and

0.5; depress the "lRettirn" key on the keyboard.

30) I11 ISLACK 121 RIED IJII hEEEW Enter the onulher I ; depress the "Return" key on

LOLOI'. I the keyboard.

ISO
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Lid SLIKLIW IMIPL\Y liik N I

31) Y-AXIS TITLE 11-4U CHARS-.? XXXXX_ Type 'in thv. tile for the Y-axis. Limit the number
of charactvrs to 40; depress the "Return" key on

the keyboard.

32) CILARACTER SIZE IN IIICHES 1.()/-.5J'.? XX_ Enter the size ,4 the characters for the Y-axis

title in inches. Inter a number between 0.07 and
0.5; depress tie "IPeturn" key on the keyboard.

33) I11 BLACK 121 kED 131 IJREEIi Enter the number '1'; depress the -Return" key on
LoLOR? I- the keyboard.

34) G(iAPH TITLE (LINE 1) 11-b0 cCHAkCS.I? XXXXX_ Type in the first line of the graph title. Limit
the number of characters to 60; depress the
"Return" key on the keyboard.

35) CILARACTER SIZE I1! INCHES..ItU/-.-I? XX Enter the size "of the characters in the first line
of the graph title in inches. Enter a number
between 0.07 and 0.5; depress the "Return" key on
the keyboard.

36) I 11BLACK I12 HED 131 bREEIl Enter the nunber 'I'; depress the "Return" key on

LOLOR? 1 the keyboard.

37) GkAPH TITLE (LIUE 2) 11-bU CHAMS.I? XXXXX_ If a line of the graph title is to be centered
under a precedlng line, include an appropriate
number of blank spaces before typing the title.
Type In 'the second line of the graph title. LimLit

the number of characters to 60; depress the
"Return" key on the keyboard.

38) CHARACTER SIZE IN IICHES (.Ob.b? XX_ Enter the size of the characters in the second line
of the graph title in inches. Enter a number
between 0.07 aod 0.5; depress the "Return" key on

the keyboard.

0
0

~ry
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39) iIl IILACK 121 RED 13 1 bREEN Enter tim nihu,,r '1'; depress the "Return" key on
COLOR? I the keyboard.

40) GRAPH TITLE (LINE 5) E1-bu CHARS.iY XXXXX_ Type in the third line of the graph title. Limit
the nurber of characters to 60; depress the
"Return" key on the keyboard.

41) CHARACTER SIZE IN INCHES t.U/-.-S? XX_ Enter tle size of the characters in the third line
of the graph title in inches. Enter a number
between 0.07 and 0.5; depress the "Return" key on
the keyboard.

42) ii1 BLACK 121 RED [J] (6REEN Enter the number 'I'; depress the "Return" key on
"COLOR? I the keyboard.

43) GRAPH TITLE (LINE 14) 1I-bO CHARSI? XXXXX_ Type in the fourth line of the graph title. Limit
the number of characters to 60; depress the
"Return" key on the keyboard.

44) CHARACTER SIZE IN INCHES I.*/-.51. XX_ Enter the size of the characters in the fourth
line of the graph title in inches. Enter a number
between (.07 and o4.5; depress the "Return" key on
the keyboard.

45) i11 BLACK 121 RED 13I bREEN Enter the number 'I'; depress the "Return" key on
UOLOR? I the keyboard.

46) GRAPH NIIMBER II E'nter the nane of the ihput file in the form
INPUT FILE FOR GRAPH N IFIL[!;P!(:I'.' 'XXXXXX.XXX'; the file name may have up to nine
XXXXXX.XXX. characters before the period and must have three

characters after the period. For example,
'tRI'II1.01I'; depress the "Return" key on the
keyboard.

152

*7777.

S: ,i'f ,•. • :. . " " ' ~ '" .. .. ... : " ' . . .•



-- APPENDIX H--
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47) 'ACTUAL DATA' CURVE. Enter the numher 'I'; depress. the 'Return" key on
Ill IIACK III NEI) 13 bREEN the keyboard.
(.OLOR? I

48) 'ESTIATED VALUES' CURVE. Enter the number III; depress the "Return" key on
iII kLACK 121 RED 131 GREEN the keyboard.

COLO.R,? I-

49) CREATE ANOTHER GRAPH IY/W? X_ Enter either the lelter I'V or N'; depress the
"Re.trn' koy on the keyboard.

50) SUCCESSFUL COIMLET'ION Computer responsv, If no other graph Wc to be
created. No response required on your par$t. If
another Rraph Is to be created, the computer will
return to step 9) of the flrections.

51) > Computer is rea-ly to plot the graph on the Calcomp
plotter.

52) (•4POSh;.CA4P Enter I&MStC.CHI1'; depress the 'Return' •ey Uon the
keyboarJ.

53) >tl)ISK IWX ISh. X_ Enter th, di•k -auWhr of the account that you
'sgfn&ý'd on thie torilu•al With; depress the 'eturn'
key on the kbyard.

54) >*U•L XX X ISh XXX.X K, ,r thile UIt %umhr of the account that you slined
t)o tle termit.41 i•ith, Usk tthe form XXXXxK •epress
the "f'curn" koy mi the %eybaird.

55) >*FILENAME.EXT 1S1. XXXX -XXX, Ktnttr the tuiny tf the output file for the GRAPIH.
Use tile form *XXX-XI Thlis mill be the *sam

I in tstup lU) of the diroetlons.

153

•' " ' V ':" '• :•': :'; •'• •':• • " " ... : •`:T` .•y2.7• • 7• •7 • .`-_•L Z•`7•``• • :-•-: X • y` • • - • ......-s•%• . ... ,.••...,.-•... . . .. :



-- APPENDIX H--

UdI SLHHIAI ISPIJ LjIiJ

5b) *PLAIN/1-INED IS I: Hain- Eater thw w,,tl 'Plain un iess otherwise Instructed;
delircss the "Ret .iriC key onthe keyboard.

(SERIES OF COMPUTER STAIEMP~ITS) No respons,w revipired on your poirt.

<0 , qIF> Last of cumistit.r itateuints; GRIAPHI has beeni created
an tre.d.

lil) Aue It you% are t in i .Idi uing the comiputer, typk In
*Ityo ftr,'i Owe k, ,vbrd. depre~st the "Retuirn" key~oi tite kve:hokard adii Yiou willtic, automatitcallyv
loge'vii Of I WK , o.u,tletr terattlal.

The GRAPHei lk,p be i ~Iked nt' in Otto eomputor centier,
111dr ISO titt II 44ey3ori

')9 Out1PUT FIlI IFILESPECI? kk X XXX_ viroctitiolk (or uptiti i

Vnik-' It~ nhn4 lweu , the out put fil e tit the form
'UNXXV, tiw. t110 nadt way hawi 14P to ntop

Olefrtp N-I'Art the I~veoin iwij iquilt havo thurov

't; A PitI .I It'I Avli~rwvoi Ow~ returft key i% tOw

kvyboa~rd.

fwIAlllt ,t~mltlt 11 En Fter tit$ nane mf t le Iniput flip lto tte tor
itNNtt FILE F(R WMAINH I~FILESI~tl~? 'M MU " 0. flw ip tMew gu 1%4%V mi tot nl"n

chaatepr4 d.4t.' (the pot~iod mnw btutt hawe thriie
elumrt-tvr. afted tit. period. doprali 11w ~eut
key mltlt kvyh,.t4r~.
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61) CREATE ANOTHER GRAPH XY/t I'nter the letter IV or 'N'; depress the "Return"
key on the keyboard. If you enter the letter 'YI
the computer gne to direction 9); if you enter the
letter I' the computer goes to 62).

62 SUCCESSFUL COMPLETION Computer response; no response required on your
part. Computer nuw returns to direction 51).

lb

155
V. .

• c . .. " , ,•- .. . . , ,l ... ... "_ _ _ _"_ _ _._... _ _-_... _ _......... _'- _ _ _ __... . .. . ... .. ...__ _..... ...__ _ _. . .._ _- "*

A i





ABBREVIATIONS, ACRONYMS, AND SYMBOLS (Contdq.l

ml millilit-er

MMAD mass median aerodynamic diameter

MOD Ministry of Defence (Uritpd Kingdom)

ms millisecond

mV millivolt

nA nanoampere(s)

NaCl sodiumn chloride

NATO North Atlantic Treaty Organization

NG normal breathing

full nanometer

ns nanosecond

R ohms

pF picofarad

PF protection factor

PF arithitetic average protection factor

PFW averaged weighted protection factor

PI4T photomi~tlplier tube

PPM parts per million

Ir s pounds per squar-e inch
R resistor

Rory respirator qiuIaitative fit testing

It" ns- ofn@ afk

StAKAG Standardzation Agrewnt (KATO)

st sW tan~dard taeraturo and pressure

t talking

114 tumiftlf head side-to-side

fit traftsistor-traftsittor logic

IA? moving head up-atd-downf

USA Wiltod States krWr

USAFSMD United States Air tfote School of Aeroswae *eqdicine
V or V voltage

V tiae~avtraged Vottago

V/F v0a.tAV#-to- fr~qWiaY
tout outp~ut Iqpedanco

___________________Malmo-*___________


